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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a white organic electroluminescent element having high 
luminous efficiency and improved stability. 

SOLUTION: This light emitting element comprises at least: a hole transport layer sandwiched 
between a positive electrode and a negative electrode, a light emitting layer, and a hole blocking 
layer on a substrate, wherein the light emitting layer contains an aromatic amine compound 
having a maximum fluorescence wavelength in a range of 400 to 500 nm, the ionization potential 
of the hole transport layer is larger than that of the light emitting layer by 0.1 eV or more, the 
ionization potential, of the hole blocking layer is larger than that of the light emitting layer by 0.2 
eV or more, and at least the light emitting layer contains a fluorochrome whose maximum 
fluorescent wavelength is in a range of 550 to 650 nm. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] They are the organic electroluminescence devices which contain at least the electron 
hole transportation layer, luminous layer, and electron hole blocking layer which were pinched by 
an anode plate and cathode on the substrate. The aromatic amine compound which has 
fluorescence maximum wave length in the range this whose luminous layer is 400-500nm is 
contained. The ionization potential of an electron hole transportation layer is larger than the 
ionization potential of a luminous layer 0.1 eV or more. Organic electroluminescence devices 
characterized by making the fluorochrome in the range whose fluorescence maximum wave 
length the ionization potential of an electron hole blocking layer is larger than the ionization 
potential of a luminous layer 0.2eV or more, and is 550-650nm at least at a luminous layer 
contain. 

[Claim 2] Organic electroluminescence devices according to claim 1 characterized by said 
aromatic amine compound contained in a luminous layer being an aromatic amine compound 
expressed with the following general formula (I) or (II). 
[Formula 1] 

N— X— N (I) 
Ar* Ar* 

(X expresses among a formula the aromatic hydrocarbon radical or aromatic heterocycle radical 
of the bivalence which may have the substituent respectively, Ar1 thru/or Ar4 express the 
aromatic hydrocarbon radical or aromatic heterocycle radical which may have the substituent 
respectively independently respectively, and at least one is a fused aromatic ring radical in X and 
Ar1 thru/or Ar4) 
[Formula 2] 




Ar 8 Ar 5 



(Y expresses among a formula the benzene ring permuted at least by the nitrogen atom or 1 and 
3, and 5-, and Ar5 and Ar6 express respectively independently the aromatic hydrocarbon radical 
or aromatic heterocycle radical which may have the substituent respectively) 
[Claim 3] Organic electroluminescence devices according to claim 1 or 2 characterized by being 
in the range whose amount of said fluorochrome contained in a luminous layer is 0.1-10 % of 
the weight. 

[Claim 4] Organic electroluminescence devices according to claim 1 to 3 to which an electron 
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hole blocking layer is characterized by the thing of the styryl compound expressed with the 
metal complex expressed with the following general formula (III) or (IV), the triazole derivative 
containing at least one following structure expression (V), or the following general formula (VI) 
which consists of kinds at least. 
^Formula 3] 



Ft 2 


R 1 




>~-. 


\ 




R s 


R 6 



(III) 



the inside of a formula, R1, or R6 — respectively — becoming independent — a hydrogen atom 
and a halogen atom — An alkyl group, an aralkyl radical, an alkenyl radical, an allyl group, a cyano 
group, the amino group, An acyl group, an alkoxy carbonyl group, a carboxyl group, an alkoxy 
group, An alkyl sulfonyl group, alpha-halo alkyl group, a hydroxyl group, the amide group that may 
have the substituent, the aromatic heterocycle radical which may have the aromatic hydrocarbon 
radical or substituent which may have the substituent — expressing — M — aluminum atom or 
Ga atom — being shown — L — the following general formula (Ilia) — or (IHb) (IIIc) One of 
radicals is expressed. 
[Formula 4] 

-O-Ar? (Ula) -O-l-Afi (lllb) -O-t-Ar 10 (IIIc) 

Ar 11 



(Z expresses the atom of either Si, germanium or Sn among a formula, and Ar9 and Ar10 express 
respectively independently the aromatic hydrocarbon radical or aromatic heterocycle radical 
which may have the substituent respectively) 
.Formula 5] 




the inside of a formula, R1, or R6 — respectively — becoming independent — a hydrogen atom 

and a halogen atom — An alkyl group, an aralkyl radical, an alkenyl radical, an allyl group, a cyano 

group, the amino group, An acyl group, an alkoxy carbonyl group, a carboxyl group, an alkoxy 

group, Expressing the aromatic heterocycle radical which may have the aromatic hydrocarbon 

radical or substituent which may have an alkyl sulfonyl group, alpha-halo alkyl group, the hydroxyl 

group, the amide group that may have the substituent, and the substituent, M shows aluminum 

atom or Ga atom. 

[Formula 6] 
N-N 

-V- (V) 



[Formula 7] 

Ar^ 3 Ar 18 

C=CH- A r 12 -CH=c{ ( Vl ) 
Ar 14 Ar 16 



(Ar12 expresses respectively the aromatic hydrocarbon radical or aromatic heterocycle radical 
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of the bivalence which may have the substituent among a formula, and Ar13 thru/or Ar16 
express respectively independently the aromatic hydrocarbon radical or aromatic heterocycle 
radical which may have the substituent respectively) 

[Claim 5] Organic electroluminescence devices according to claim 1 to 4 characterized by 
preparing an electron transport layer between an electron hole blocking layer and cathode. 
[Claim 6] Organic electroluminescence devices according to claim 1 to 5 to which thickness of 
an electron hole blocking layer is characterized by being in the range of 0.5~30nm. 
[Claim 7] Organic electroluminescence devices according to claim 1 to 6 characterized by 
forming an electron hole transportation layer with an aromatic amine compound. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to organic electroluminescence devices. It is 
related with the organic electroluminescence devices which doped the specific fluorochrome to 
the luminous layer containing specific aromatic amine in detail. Since the organic 
electroluminescence devices of this invention can attain white luminescence of high luminous 
efficiency and its stability is improving, the application to the light source which employed the 
description as a flat-panel display, or a multicolor display device or a field emitter efficiently is 
expected. 
[0002] 

[Description of the Prior Art] Although what doped Mn which is an emission center, and rare 
earth elements (Eu, Ce, Tb, Sm, etc.) is common to ZnS, CaS, SrS, etc. which are the II— VI group 
compound semiconductor of an inorganic material as an electroluminescence (EL) component of 
a thin film mold conventionally The EL element produced from the above-mentioned inorganic 
material has the high (- 200 V) trouble that the cost of difficulty (especially blue) and 4 
circumference drive circuits has the high formation of the need (50-1000Hz) and 2 driver voltage 
3 having 1 full color alternating current drive. 

[0003] However, development of the EL element using an organic thin film came to be performed 
in recent years for amelioration of the above-mentioned trouble. In order to raise luminous 
efficiency especially, the class of electrode is optimized for the purpose of the improvement in 
effectiveness of the carrier impregnation from an electrode, and the extensive improvement of 
luminous efficiency is made as compared with the EL element using single crystals, such as the 
conventional anthracene, by development (Appl.Phys.Lett., 51 volumes, 913 pages, 1987) of the 
organic electroluminescence devices which prepared the electron hole transportation layer which 
consists of aromatic series diamine, and the luminous layer which consists of the aluminum 
complex of 8-hydroxyquinoline. Moreover, improvement in luminous efficiency, conversion of 
luminescence wavelength, etc. are performed by doping fluorochromes for laser, such as a 
coumarin, by using the aluminum complex of 8-hydroxyquinoline as a host ingredient, for example 
(J. Appl.Phys., 65 volumes, 3 610 page, 1989). 

[0004] Besides the electroluminescence devices using the above low-molecular ingredients, as 
an ingredient of a luminous layer Pori (p-phenylenevinylene) (Nature, 347 volumes, 539 pages, 
1990), Pori [2-methoxy-5-(2-ethylhexyloxy)-1 f 4-phenylenevinylene] (others [ / Appl.Phys.Lett., 
58 volumes, 1982 pages, and / 1991 ]), Development of the electroluminescence devices using 
polymeric materials, such as Pori (3-alkyl thiophene) (Jpn.J.Appl.Phys, 30 L 1938 pages, 1991), 
Development of the component (application physics, 61 volumes, 1044 pages, 1992) which mixed 
a low-molecular luminescent material and a low-molecular electronic transition ingredient to 
macromolecules, such as a polyvinyl carbazole, is also performed. 
[0005] 

[Problem(s) to be Solved by the Invention] Two approaches are considered in order to produce 
multiple color or the display device which can be displayed full color using organic 
electroluminescence devices. One makes the organic electroluminescence devices which can 
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make a blue light emit light the excitation light source, and it is green and an approach using the 
fluorescence conversion by the red fluorescence ingredient (Prod 5th Int.Display Research 
Conference, 269 pages, 1995). Another is a method which combines the organic 
electroluminescence devices and the color filter in which white luminescence is possible (JP,7- 
142169,A). 

[0006] In multiple-color-izing by the former blue luminescence and the combination of 
fluorescence conversion, and a full color-ized method, the engine performance of blue organic 
electroluminescence devices, especially the life at the time of a drive are problems, an old place 
— a blue light emitting device — being related — initial brightness 100 cd/m2 it is — Although 
the life of 8000 hours is reported 0 [ Inorganic ] and OrganicElectroluminescence/EL 96 
Berlin. ed.R.H.Mauch and H.E.Gumlich, p. 95, Wissenschaft und Technik Verlag Berlin, and the loss 
and practical use brightness 300 cd/m2 demanded by fluorescence conversion When it thinks, 
the life of the present condition is inadequate. 

[0007] In the method which combines latter white organic electroluminescence devices and a 
latter color filter, the luminous efficiency of white luminescence was a problem (the collection of 
the 55th Japan Society of Applied Physics academic lecture meeting lecture drafts, -6,992 page 
of 19 p-H, the collection of the 1994; 56th Japan Society of Applied Physics academic lecture 
meeting lecture drafts, 28 p-V -7, 1028 pages, 1995). To white luminescence, in addition to the 
demand to multiple-color-izing and full-color-izing, the white luminescence itself is made into 
display light, or there are also needs used for back lights, such as a liquid crystal display, and it 
can be said that the repercussion effect is large. Therefore, the further amelioration examination 
is desired to white luminescence which should be said also by the base of a display device. 
[0008] In order to attain white luminescence, the method (JP.6-2071 70,A; this Taira No. 142169 
[ seven to ] official report) which carries out the laminating of a blue luminous layer, a green 
luminous layer, and the red luminous layer was indicated until now, but the color gap by change 
of the white EL spectrum accompanying a drive, and in order that a recrystallization zone might 
straddle two or more layers, there was a trouble that luminous efficiency was low. When it be a 
polymer, since control of an impurity be difficult, luminous efficiency and drive stability of the 
present condition be far [ in order to solve this point, it be possible to dope each fluorochrome 
of blue, green, and red in a luminous layer at coincidence, and white be easily obtain by mix the 
fluorochrome of each color in the phase of coating liquid adjustment in a spreading mold polymer, 
but (Appl.Phys.Lett., 64 volumes, 815 pages, 1994) ] from practical use. Although it is possible to 
dope the fluorochrome of each color in a luminous layer host with the vacuum deposition method 
using low-molecular, since the evaporation rate of many sources of vacuum evaporationo is 
controlled to coincidence and the amount of dopes of each fluorochrome is adjusted to it, 
considering actual production, it must be said that it is very difficult. 
[0009] As mentioned above, from the white light emitting device, the simplest possible 
lamination, for example, a luminous layer, is a monolayer, and its luminous efficiency is high, a 
color gap of white cannot occur easily, and, moreover, the stable property is searched for at the 
time of a drive. Luminous efficiency of this invention is high, and it aims at offering the white 
organic electroluminescence devices whose stability improved. 
[0010] 

[Problem(s) to be Solved by the Invention] As a result of inquiring wholeheartedly in view of this 
actual condition, by making the luminous layer containing specific aromatic amine dope a specific 
fluorochrome, and specifying the relative relation of the ionization potential of an electron hole 
transportation layer, a luminous layer, and an electron hole blocking layer, this invention persons 
find out that the above-mentioned technical problem can be solved, and came to complete this 
invention. 
[0011] 

[Means for Solving the Problem] Namely, the electron hole transportation layer in which the 
summary of this invention was pinched by an anode plate and cathode on the substrate, They 
are the organic electroluminescence devices which contain a luminous layer and an electron hole 
blocking layer at least. The aromatic amine compound which has fluorescence maximum wave 
length in the range this whose luminous layer is 400-500nm is contained. The ionization potential 
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of an electron hole transportation layer is larger than the ionization potential of a luminous layer 
0.1 eV or more. The ionization potential of an electron hole blocking layer is larger than the 
ionization potential of a luminous layer 0.2eV or more, and it is in the organic 
electroluminescence devices characterized by fluorescence maximum wave length making a 
luminous layer contain at least the fluorochrome in the range which is 550-650nm. 
[0012] 

[Embodiment of the Invention] Hereafter, the organic electroluminescence devices of this 
invention are explained, referring to a drawing, the sectional view showing typically the example 
of structure of the general organic electroluminescence devices by which drawing 1 is used for 
this invention — it is — 1 — in an electron hole transportation layer and 5, a luminous layer and 
6 express an electron hole blocking layer, and, as for a substrate and 2, 8 expresses [ an anode 
plate and 4 ] cathode respectively. A substrate 1 serves as a base material of organic 
electroluminescence devices, and the plate of a quartz or glass, a metal plate, a metallic foil and 
plastic film, a sheet, etc. are used. The plate of transparent synthetic resin, such as a glass 
plate, and polyester, polymethacrylate, a polycarbonate, polysulfone, is especially desirable. To 
use a synthetic-resin substrate, it is necessary to care about gas barrier property. Since organic 
electroluminescence devices may deteriorate by the open air which passed the substrate when 
the gas barrier nature of a substrate is too small, it is not desirable. For this reason, the method 
of preparing precise silicon oxide etc. at least in one side of a synthetic-resin substrate, and 
securing gas barrier property is also one of the desirable approaches. 

[0013] Although an anode plate 2 is formed on a substrate 1, an anode plate 2 plays the role of 
the hole injection to an electron hole transportation layer. This anode plate is usually constituted 
by conductive polymers, such as halogenation metals, such as metallic oxides, such as oxide of 
metals, such as aluminum, gold, silver, nickel, palladium, and platinum, an indium, and/or tin, and 
copper iodide, carbon black or Pori (3-methylthiophene), polypyrrole, and the poly aniline, etc. 
Formation of an anode plate 2 is usually performed by the sputtering method, a vacuum 
deposition method, etc. in many cases. Moreover, in the case of particles, such as metal 
particles, such as silver, and copper iodide, carbon black, a conductive metallic-oxide particle, 
conductive polymer impalpable powder, etc., it can distribute in a suitable binder resin solution, 
and an anode plate 2 can also be formed by applying on a substrate 1. Furthermore, a thin film 
can be formed on the direct substrate 1 by electrolytic polymerization, or on a substrate 1 , in 
the case of a conductive polymer, a conductive polymer can be applied, and it can also form an 
anode plate 2 (Appl.Phys.Lett, 60 volumes, 271 1 pages, 1992). By different matter, a laminating 
is carried out and an anode plate 2 can also be formed. The thickness of an anode plate 2 
changes with transparency to need. When transparency is needed, it is desirable to usually make 
the permeability of the light into 80% or more preferably 60% or more, and SHOOOnm of thickness 
is usually about 10-500nm preferably in this case. When opaque and good, even when an anode 
plate 2 is the same as that of a substrate 1 , it is good. Furthermore, it is also possible to carry 
out the laminating of the different electrical conducting material on the above-mentioned anode 
plate 2. 

[0014] The electron hole transportation layer 4 is formed on an anode plate 2. As conditions 
required of the ingredient of an electron hole transportation layer, the hole-injection 
effectiveness from an anode plate is high, and it is required to be the ingredient which can 
convey the poured-in electron hole efficiently. For that purpose, ionization potential is small, 
from the light of the light, transparency is high, hole mobility is large, it excels in stability further, 
and, moreover, it is required that it should be hard to generate the impurity used as a trap at the 
time of manufacture and use. When the application for a mounted display is considered in 
addition to the above-mentioned general demand, thermal resistance is further required of a 
component. Therefore, the ingredient which has the value of 85 degrees C or more as Tg is 
desirable. 

[0015] The aromatic series diamine compound which connected the third class aromatic amine 
units, such as a 1 and 1-bis(4~G p-tolylamino phenyl) cyclohexane, as such an electron hole 
transportation ingredient, for example (JP,59-1 94393,A), The aromatic amine which two or more 
fused aromatic rings permuted by the nitrogen atom including two or more tertiary amines 
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represented with a 4 and 4'-bis[N-(1-naphthyl)-N-phenylamino] biphenyl (JP,5-234681 ,A), The 
aromatic series triamine which has starburst structure with the derivative of triphenyl benzene 
(U.S. Pat. No. 4,923,774 specification), Aromatic series diamines, such as N, N'-diphenyl-N, and 
N'-bis(3-methylphenyl) biphenyl-4,4'-diamine (U.S. Pat. No. 4,764,625 specification), As the 
whole molecule, a triphenylamine derivative unsymmetrical in three dimensions (JP, 4-1 29271, A), 
The compound which the aromatic series diamino radical permuted by the pyrenyl radical (JP,4- 
175395,A), The aromatic series diamine which connected the third class aromatic amine unit by 
ethylene ( JP, 4-2641 89,A), The aromatic series diamine which has styryl structure (JP.4- 
290851, A), What connected the aromatic series tertiary-amine unit by the thiophene radical 
(JP,4-304466,A), Starburst mold aromatic series triamine (JP,4-308688,A), A benzylphenyl 
compound (JP.4-3641 53,A), the thing which connected the tertiary amine by the fluorene radical 
(JP,5-25473,A), A triamine compound (JP,5-239455,A), a bis-dipyridyl amino biphenyl (JP.5- 
320634.A), N, N, and N-triphenylamine derivative (JP,6-1 972.A), The aromatic series diamine 
which has phenoxazine structure (JP,7-1 38562,A), A diamino phenyl phenanthridine derivative 
(JP,7-252474,A), A silazane compound (U.S. Pat. No. 4,950,950 specification), a silanamine 
derivative (JP,6-49079,A), a phosphamine derivative (JP,6-25659,A), the Quinacridone 
compound, etc. are mentioned. These compounds may be used independently, and if needed, it 
may mix respectively and they may be used. 

[0016] In addition to the above-mentioned compound, as an ingredient of an electron hole 
transportation layer, a polyvinyl carbazole and polysilane (Appl.Phys.Lett., 59 volumes, 2760 
pages, 1991), Poly FOSUFAZEN (JP,5-310949,A), a polyamide (JP f 5-310949,A), A polyvinyl 
triphenylamine (JP,7-53953,A), the macrornolecule which has a triphenylamine frame (JP,4- 
133065,A), the macrornolecule (Synthetic Metals — 55-57 volumes) which connected the 
triphenylamine unit by the methylene group etc. Polymeric materials, such as polymethacrylate 
(J. Polym.Sci., Polym.Chem.Ed., 21 volumes, 969 pages, 1983) containing aromatic amine, will be 
mentioned in 4163 pages and 1993. 

[0017] The electron hole transportation layer 4 is formed by carrying out the laminating of the 
above-mentioned electron hole transportation ingredient on said anode plate 2 with the applying 
method or a vacuum deposition method. In the case of the applying method, additives which do 
not become a hole trap according to a kind or two sorts or more, and the need about an electron 
hole transportation ingredient, such as binder resin and a spreading nature amelioration agent, 
are added, it dissolves, a spreading solution is prepared, and it applies on an anode plate 2 by 
approaches, such as a spin coat method, and it dries and the electron hole transportation layer 4 
is formed. A polycarbonate, polyarylate, polyester, etc. are mentioned as binder resin. Since it will 
reduce hole mobility if binder resin has many additions, little direction is desirable and its 50 or 
less % of the weight is usually desirable. 

[0018] After paying electron hole transportation ingredients to the crucible installed in the 
vacuum housing and exhausting the inside of a vacuum housing to about 10 - 4Pa with a suitable 
vacuum pump, in the case of vacuum evaporation technique, a crucible is heated, an electron 
hole transportation ingredient is evaporated in it, and the electron hole transportation layer 4 is 
made to form on the anode plate 2 on the substrate 1 which faced each other with the crucible 
and was placed. When forming the electron hole transportation layer 4, a low-battery drive can 
be enabled by doping the metal complex of aromatic carboxylic acid and/or a metal salt (JP,4- 
320484,A), a benzophenone derivative and a thio benzophenone derivative (JP, 5-295361 , A), and 
fullerene (JP,5~331458,A) by 10-3 - 10% of the weight of concentration, and making the electron 
hole as a free carrier generate as an acceptor further. 10-300nm of thickness of the electron 
hole transportation layer 4 is usually 30-1 OOnm preferably. Thus, in order to form the thin film 
uniformly, generally a vacuum deposition method is used well. 

[0019] In order to raise contact of an anode plate 2 and the electron hole transportation layer 4, 
as shown in drawing 3 , it is possible to form the anode plate buffer layer 3. A thin film with it 
can be formed, stability, i.e., the melting point, and glass transition temperature are thermally 
high, and 100 degrees C or more are required as 300 degrees C or more and a glass transition 
temperature as the melting point. [ the good contact to an anode plate and ] [ uniform as 
conditions required of the ingredient used for an anode plate buffer layer ] Furthermore, it is 
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mentioned that ionization potential is low and the hole injection from an anode plate is easy and 
that hole mobility is large. Until now for this purpose A porphyrin derivative and a phthalocyanine 
compound (JP,63~295695,A), Starburst mold aromatic series triamine (JP,4-308688,A), A 
hydrazone compound (JP,4~320483,A), the aromatic series diamine derivative of an alkoxy 
permutation (JP.4-220995.A), A p-(9-anthryl)-N and N-G p-tolyl aniline (JP,3-1 1 1485,A), Poly 
thienylene vinylene and Polly p-phenylenevinylene (JP,4-145192,A), Organic compounds, such as 
the poly aniline (refer to Appl.Phys.Lett., 64 volumes, 1245 pages, and 1994), Metallic oxides (the 
43rd applied-physics relation union lecture meeting, 27 a-SY-1996 [ 9 or ]), such as spatter 
carbon film (JP,8-31 573,A), and a banazin san ghost, ruthenium oxide, a molybdic-acid ghost, are 
reported. 

[0020] A porphyrin compound or a phthalocyanine compound is mentioned as a compound often 
used as the above-mentioned anode plate buffer layer ingredient. These compounds may have 
the central metal and the thing of a non-metal is sufficient as them. As an example of these 
desirable compounds, it is :porphin [ to which the following compounds are mentioned ] 5, 10, and 
15, 20-tetrapod phenyl-21H, and 23H-porphin 5, 10, and 15, 20-tetrapod phenyl-21H, and 23H- 
porphin cobalt (II). 

5, 10, 15, 20-tetrapod phenyl-21H, and 23H-porphin copper (II) 
5, 10, 15, 20-tetrapod phenyl-21H, and 23H-porphin zinc (II) 

5, 10, 15, and 20-tetra-phenyl - 21 H and 23H-porphin vanadium (IV) Oxide 5, 10, and 15, 20- 
tetrapod (4-pyridyl) - The 21 H and 23H-porphins 29H and 31 H - a phthalocyanine — copper — 
( — II — ) — a phthalocyanine — zinc — ( — II — ) — a phthalocyanine — 
CHITANFUTAROSHIANIN — oxide — magnesium — a phthalocyanine — lead — a 
phthalocyanine — copper — ( — II — ) — four — four — ' — four — " — four — ' — ' — 
tetraaza one - 29 — H — 31 — H - a phthalocyanine — [ — 0021 — ] Although thin film 
formation is possible also for the case of an anode plate buffer layer like an electron hole 
transportation layer, in the case of an inorganic substance, a spatter, electron beam vacuum 
deposition, and a plasma-CVD method are used further. 3-100nm of thickness of the anode 
plate buffer layer 3 formed as mentioned above is usually 10-50nm preferably. 
[0022] A luminous layer 5 is formed on the electron hole transportation layer 4. A luminous layer 
5 is formed from the compound which carries out white luminescence by making the electron 
hole conveyed in inter-electrode [ which was able to give electric field ] by passing the electron 
hole transportation layer poured in from the anode plate 2, and the electron conveyed by passing 
the electron hole blocking layer 6 poured in from cathode 8 recombine efficiently. For that 
purpose, to be the compound which the impurity which combines both electron hole 
transportability and electronic transportability, hole mobility and electron mobility are large, is 
moreover further excellent in stability, and serves as a trap cannot generate easily at the time of 
manufacture and use is demanded. 

[0023] In this invention, a luminous layer can enable efficient white luminescence, when the 
fluorescence maximum wave length in a distributed condition or a dilute-solution condition 
makes the fluorochrome in the range which is 550-650nm contain 0.1 to 10% of the weight to the 
above-mentioned host ingredient by using as a host ingredient the aromatic amine compound in 
the range whose fluorescence maximum wave length in a thin film condition is 400-500nm. This 
is explained using the CIE chromaticity-coordinate Fig. (JISZ8701) shown in drawing 4 . White 
luminescence is expressed in the field centering on the white point (x=y=1/3) shown by W in 
drawing. Luminescence of a blue host ingredient which has fluorescence maximum wave length in 
400-500nm is located in the field of bluish green, blue, and purple-blue by drawing 4 • On the 
other hand, luminescence of the fluorochrome for doping whose fluorescence maximum wave 
length is 550-650nm corresponds to the field of the yellowish green in drawing, yellow, a sour 
orange, and red. For example, if the thing of b points is combined as dope coloring matter when 
using the thing of a points as a host ingredient of purple-blue color luminescence, the color 
expressed with ab line by additive mixture of colors will be attained, and luminescence of a white 
field will be obtained by adjusting the amount of dopes. Similarly, if the thing of d points is 
chosen as the thing of c points, and dope coloring matter as a blue host ingredient, cd line which 
crosses a white field broadly will be obtained, and the white light emitting device for which it 
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depends on doping concentration dependence gently will be attained. The same is said of ef line 
and ef line. 

[0024] In this invention, a fluorescence aromatic amine compound is used as a blue host 
ingredient which fulfills the above-mentioned conditions. Although the attempt using an aromatic 
amine compound as a luminous layer of electron hole transportability is made also conventionally 
Do not prepare an electron hole transportation layer between anode plates, or (Jpn.J.Appl.Phys., 
32 L 917 pages, 1993), The ionization potential of a luminous layer was not higher than the 
ionization potential of an electron hole transportation layer (Jpn.J.Appl.Phys., 35 volumes, 4819 
pages, 1996), and only the blue light emitting device with low stability was obtained low [ the 
luminous efficiency of a component ] by writing. In this invention, in order to use the aromatic 
amine compound of electron hole transportability effectively as a luminous layer, it found out 
that it was suitable to use the fluorescence aromatic amine which has ionization potential 
smaller 0.1 eV or more than the ionization potential of an electron hole transportation layer. 
Preventing quenching in the anode plate of the exciton by raising the electron hole concentration 
in the luminous layer at the time of component energization and the recombination within a 
luminous layer according to this component structure is attained by coincidence. 
[0025] As a luminous layer ingredient in the organic electroluminescence devices of this 
invention, as long as the relation of ionization potential with an electron hole transportation layer 
is filled, the further limit cannot be found in an aromatic amine compound, but when 
crystallization prevention of a luminous layer and thermal stability are taken into consideration, it 
is desirable to have a high glass transition temperature (Tg). It is useful to contain the third class 
nitrogen atom which has at least one fused aromatic ring radical as a substituent as an aromatic 
amine compound which has high Tg. It is still more desirable to be chosen out of the aromatic 
amine compound by which the aromatic amine contained in a luminous layer is expressed with 
the following general formula (I) or (II) from this. 
[0026] 
[Formula 8] 
Ar^ Ar 3 

N— X— H 0) 
Ai* V 

[0027] In said general formula (I) preferably X The benzene ring of the bivalence which may have 
the substituent respectively, a naphthalene ring, An anthracene ring, binaphthyl, a fluorene ring, a 
phenanthrene ring, a pyrene ring, An acridine ring, a phenazine ring, a phenanthridine ring, a 
phenanthroline ring, A bipyridyl ring and a biphenyl are shown. As said substituent A halogen 
atom; methyl group, alkyl group [ of the carbon numbers 1-6, such as an ethyl group, ]; — 
alkenyl radical [, such as a vinyl group, ]; — a methoxycarbonyl group — The alkoxy carbonyl 
group of the carbon numbers 1-6, such as an ethoxycarbonyl radical; dialkylamino radicals, such 
as aryloxy group; diethylamino radicals, such as an alkoxy group; phenoxy group of the carbon 
numbers 1-6, such as a methoxy group and an ethoxy radical, and a benzyloxy radical, and a 
diisopropylamino radical, are shown. As said substituent, a methyl group, a phenyl group, and a 
methoxy group are mentioned especially preferably. 

[0028] Ar1 Or Ar4 You may have the substituent respectively independently respectively 
preferably. A phenyl group, a biphenyl radical, a naphthyl group, an anthryl radical, a phenan tolyl 
group, A pyrenyl radical, a BIRIJIRU radical, a triazyl radical, a pyrazyl radical, a quinoxalyl 
radical, A thienyl group is shown. As said substituent Alkenyl radical; methoxycarbonyl groups of 
the carbon numbers 1-6, such as a halogen atom; methyl group and an ethyl group, such as an 
alkyl group; vinyl group, The alkoxy carbonyl group of the carbon numbers 1~6, such as an 
ethoxycarbonyl radical; dialkylamino radicals, such as aryloxy group; diethylamino radicals, such 
as an alkoxy group; phenoxy group of the carbon numbers 1-6, such as a methoxy group and an 
ethoxy radical, and a benzyloxy radical, and a diisopropylamino radical, are shown. As said 
substituent, a methyl group, a phenyl group, and a methoxy group are mentioned especially 
preferably. 
[0029] 
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[Formula 9] 




(ID 



[0030] In said general formula (II), Y is chosen from the trivalent benzene ring permuted at least 
by the nitrogen atom or 1 and 3, and 5-. Ar5 And Ar6 You may have the substituent respectively 
independently respectively preferably. A phenyl group, a biphenyl radical, a naphthyl group, an 
anthryl radical, a phenan tolyl group, A pyrenyl radical, a pyridyl radical, a triazyl radical, a pyrazyl 
radical, a quinoxalyl radical, A thienyl group is shown. As said substituent Alkenyl radical; 
methoxycarbonyl groups of the carbon numbers 1-6, such as a halogen atom; methyl group and 
an ethyl group, such as an alkyl group; vinyl group, The alkoxy carbonyl group of the carbon 
numbers 1-6, such as an ethoxycarbonyl radical; dialkylamino radicals, such as aryloxy group; 
diethylamino radical; diisopropylamino radicals, such as an alkoxy group; phenoxy group of the 
carbon numbers 1-6, such as a methoxy group and an ethoxy radical, and a benzyloxy radical, 
are shown. As said substituent, a methyl group, a phenyl group, and a methoxy group are 
mentioned especially preferably. 

[0031] In this invention, according to the molecular structure shown in said general formula (I) or 
general formula (II), Tg can be made into 85 degrees C or more, it is possible to give the 
amorphous thin film which is not easily crystallized by this heat-resistant improvement, and the 
counter diffusion of the molecule between an electron hole transportation layer, an electron 
transport layer, etc. can fully be controlled also under an elevated temperature 85 degrees C or 
more. Moreover, the luminous layer which can also make ionization potential smaller 0.1 eV or 
more than that of an electron hole transportation layer, and has the fluorescence maximum to 
the wavelength field which is 400-500nm can be designed. Although the desirable example of an 
aromatic amine compound expressed with said general formula (I) and (II) is shown in Table 1 
thru/or 5, it is not limited to these. 



[0032] 
[Table 1] 
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[Table 2] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran.web_cgi_ejje 



2007/07/25 



JP.11-329734.A [DETAILED DESCRIPTION] 



9/23 ^— V 




http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



2007/07/25 



JP.11-329734.A [DETAILED DESCRIPTION] 



10/23 ^-V 



< 


Hi 


[l J J 




X 

o 










9 






<o 
X 

o 


IT'S 

9 


X 

o 


? 


< 








(0 

X 

o 








< 


9 






CO 

X 


9 


CO 

X 






9 


9 


V 








^^^^ 


o|T 


i 




i 


CO 

< 




o 

1 


cvj 

i 



[0035] 
[Table 4] 
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[Table 5] 
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[0037] These compounds may be used independently, and if needed, it may mix respectively and 
they may be used. As a fluorochrome doped by the luminous layer by using said aromatic amine 
compound as a host ingredient the fluorescence maximum wave length in a distributed condition 
or a dilute-solution condition should just be a fluorochrome in the range which is 550-650nm. A 
distributed condition or a dilute-solution condition means the density range to which 
concentration quenching of a fluorochrome does not happen, and is usually 10 or less % of the 
weight here. The naphthacene derivative which makes rubrene representation as coloring matter 
which has yellow fluorescence from yellowish green, for example (JP,4-335087,A), As a peri 
MIDON derivative (JP,4-320485,A) and an orange fluorochrome A benzothioxanthene derivative 
(JP f 5-222362,A), DCM coloring matter (JP,63-264692,A), rhodamine coloring matter, etc. as a 
red fluorochrome Perylene pigments, such as an azabenzthioxanthene derivative (Japanese- 
Patent-Application-No. No. 88172 [ nine to ] specification), phenoxazone, DGJ coloring matter 
(Chem.Funct.Dyes, Proc.Int.Symp., 2nd1992, 536 pages), and RUMOGEN F red, etc. are 
mentioned. With doping the above-mentioned fluorochrome in 0.1 - 10% of the weight of a 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_eije 



2007/07/25 



JP,11-329734,A [DETAILED DESCRIPTION] 



13/23 s<— v 



density range into a blue host ingredient, desired white luminescence can be obtained by adding 
luminescence from dope coloring matter to luminescence from a host ingredient. 
[0038] It is also effective to dope further the fluorochrome which has fluorescence maximum 
wave length in the thin condition to 400-500nm, and to add it to it, in order to take white 
balance, and in order to raise luminous efficiency. As dope coloring matter used for this purpose, 
condensed multi-ring aromatic series rings (JP,5-1 98377.A), such as perylene, a coumarin 
derivative, a naphthalic acid imide derivative (JP,4-320486,A), an aromatic amine derivative 
(JP,8-199162,A), etc. are mentioned, for example. As for the rate which these dope coloring 
matter contains into a host ingredient, it is desirable that it is in 0.1 - 10% of the weight of the 
range. A 400-500 above-mentionednm fluorochrome may be doped by homogeneity in a luminous 
layer, and may be doped partially. As an approach of performing the above-mentioned doping 
with a vacuum deposition method, there are an approach by vapor codeposition and the 
approach of mixing the source of vacuum evaporationo by predetermined concentration 
beforehand. In addition, if it is above-mentioned doping concentration within the limits, the 
ionization potential of a host ingredient will not change with doping. 

[0039] Although it is doped by homogeneity in the direction of thickness of a luminous layer 
when each above-mentioned dopant is doped in a luminous layer, in the direction of thickness, 
there may be concentration distribution or it may be partially doped by the luminous layer. For 
example, it may dope only near the interface with an electron hole transportation layer, or you 
may dope near the electron hole blocking layer interface conversely. A luminous layer 5 is 
formed by carrying out a laminating on the electron hole transportation layer 4 with the applying 
method or a vacuum deposition method like the electron hole transportation layer 4. However, in 
the case of the applying method, it is necessary to use the solvent in which the electron hole 
transportation layer by which thin film formation has already been carried out is not dissolved. 5- 
300nm of thickness of a luminous layer 5 is usually 10-100nm preferably. Thus, in order to form 
the thin film uniformly, generally a vacuum deposition method is used well. 
[0040] The electron hole blocking layer 6 is formed on a luminous layer 5. The electron hole 
blocking layer 6 is formed from the compound which can convey efficiently the role which 
prevents arriving the electron hole where it moves from a luminous layer at cathode, and the 
electron poured in from cathode in the direction of a luminous layer 5. Since electron mobility is 
high and hole mobility shuts up a low thing and an electron hole in a luminous layer efficiently as 
physical properties for which the ingredient which constitutes an electron hole blocking layer is 
asked, it is necessary to have the value of ionization potential larger 0.2eV or more than the 
ionization potential of a luminous layer. Since an electron hole transportation layer consists of 
ingredients without electronic transport capacity, an electron hole blocking layer shuts up an 
electron hole and an electron in a luminous layer, and has the function which raises luminous 
efficiency. As an electron hole blocking layer ingredient which fulfills such conditions, it is the 
mixed ligand complex expressed with the following general formulas (III), and [0041]. 
[Formula 10] 



[0042] the inside of a formula, R1, or R6 — respectively — becoming independent — a hydrogen 
atom and a halogen atom — An alkyl group, an aralkyl radical, an alkenyl radical, an allyl group, a 
cyano group, the amino group, An acyl group, an alkoxy carbonyl group, a carboxyl group, an 
alkoxy group, An alkyl sulfonyl group, alpha-halo alkyl group, a hydroxyl group, the amide group 
that may have the substituent, the general formula (Ilia) expressing the aromatic heterocycle 
radical which may have the aromatic hydrocarbon radical or substituent which may have the 
substituent, and Ms showing aluminum atom or Ga atom, and showing L below — or (Illb) (IIIc) 
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Ar 9 

O-Z-Ar 10 (II IC) 
Ar 11 

[0044] (Z expresses the atom of either Si, germanium or Sn among a formula, and Ar9 or Ar10 
expresses respectively independently the aromatic hydrocarbon radical or aromatic heterocycle 
radical which may have the substituent respectively) 

The dinuclear metal complex, [0045] which are expressed with the following general formulas (IV) 



[Formula 12] 




[0046] the inside of a formula, R1, or R6 — respectively — becoming independent — a hydrogen 
atom and a halogen atom — An alkyl group, an aralkyl radical, an alkenyl radical, an allyl group, a 
cyano group, the amino group, An acyl group, an alkoxy carbonyl group, a carboxyl group, an 
alkoxy group, Expressing the aromatic heterocycle radical which may have the aromatic 
hydrocarbon radical or substituent which may have an alkyl sulfonyl group, alpha-halo alkyl 
group, the hydroxyl group, the amide group that may have the substituent, and the substituent, M 
shows aluminum atom or Ga atom. 

The compound, [0047] which ****** at least 1 , 2, and 4-triazole ring shown with the following 

structure expressions (IV) 

[Formula 13] 
N-N 

-V- (V) 

I 

[0048] The styryl compound shown by the following general formulas (V) is mentioned. 
[0049] 

[Formula 14] 

Ar* 3 Ar 15 

C=CH-Ar 12 -CH=c( (VI) 
Ar 14 Ar t6 

[0050] (Ar1 2 expresses among a formula the aromatic hydrocarbon radical or aromatic 
heterocycle radical of the bivalence which may have the substituent respectively, and Ar13 
thru/or Ar16 express respectively independently the aromatic hydrocarbon radical or aromatic 
hydrocarbon radical which may have the substituent respectively) 

As an example of the mixed ligand complex shown by said general formula (III), bis(2-methyl-8- 
quinolinolato) (phenolate) aluminum, a screw (2-methyl-8-quinolinolato (alt.-crezolate) aluminum 
— ) Bis(2-methyl-8-quinolinolate)(metha-crezolate)aluminum, Bis(2-methyl-8-quinolinolato) 
(para-crezolate)aluminum, Bis(2-methyl-8-quinolinolato) (ortho-phenylphenolate) aluminum, Bis 
(2-methyl-8-quinolinolato) (meta-phenylphenolate) aluminum, Bis(2-methyl-8-quinolinolato) 
(para-phenylphenolate) aluminum, Bis(2-methyl-8-quinolinolato) (2,3-dimethylphenolate) 
aluminum, Bis(2-methyl-8-quinolinolato) (2, 6-dimethyl phenolate) aluminum, Bis(2-methyl-8~ 
quinolinolato) (3, 4-dimethyl phenolate) aluminum, Bis(2-methyl-8-quinolinolato) (3, 5-dimethyl 



One of radicals is expressed. 
[0043] 

[Formula 1 1] 

-<^Ar 7 (|||a) -0-C-Ar 8 (Hlb) - 
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phenolate) aluminum, Bis(2-methyl-8-quinolinolato) (3, 5-G tert-butyl phenoiate) aluminum, Bis 
(2-methyh8-quinolinolato) (2, 6-diphenyl phenolate) aluminum, Bis(2-methyl~8-quinolinolato) (2, 
4, 6-triphenyl phenolate) aluminum, Bis(2-methyl-8-quinolinolato) (2, 4, 6-trimethyl phenolate) 
aluminum, Bis(2-methyl-8-quinolinolato) (2, 3, 6-trimethyl phenolate) aluminum, Bis(2-methyl-8- 
quinolinolato) (2, 3, 5, 6-tetramethyl phenolate) aluminum, Bis(2-methyl-8-quinolinolato) (1- 
NAFUTORATO) aluminum, Bis(2-methyl-8-quinolinolato) (2-NAFUT0RAT0) aluminum, Bis(2- 
methyl-8-quinolinolato) (triphenyl SHIRANORATO) aluminum, Bis(2-methyl-8-quinolinolato) 
(triphenyl germanium NORATO) aluminum, Bis(2-methyl-8-quinolinolato) (tris (4, 4, - biphenyl) 
SHIRANORATO) aluminum, Bis(2, 4-dimethyl-8-quinolinolato) (ortho-phenylphenolate) aluminum, 
Bis(2, 4-dimethyl-8-quinolinolato) (para-phenylphenolate) aluminum, Bis(2, 4-dimethyl~8- 
quinolinolato) (meta-phenylphenolate) aluminum, Bis(2, 4-dimethyl-8-quinolinolato) (3, 5- 
dimethyl phenolate) aluminum, Bis(2, 4-dimethyl-8-quinolinolato) (3, 5-G tert-butyl phenolate) 
aluminum, Bis(2-methyl-4-ethyl-8-quinolinolato) (Para-crezolate) aluminum, Bis(2-methyl-4- 
methoxy-8-quinolinolato) (para-phenylphenolate) aluminum, Bis(2-rmethyl-5-cyano-8- 
quinolinolato) (alt -crezolate) aluminum, Bis(2-methyh6-trifluoromethyl-8-quinolinolato) (2- 
NAFUTORATO) aluminum, A bis(2-methyl-8-quinolinolato) (phenolate) gallium, a bis(2-methyh 
8-quinolinolato) (alt -crezolate) gallium, A bis(2-methyl-8-quinolinolato) (para-phenylphenolate) 
gallium, A bis(2-methyl-8-quinolinolato) (1 -NAFUTORATO) gallium, A bis(2-methyl-8- 
quinolinolato) (2-N AFUTO RATO) gallium, a bis(2-methyl-8-quinolinolato) (triphenyl 
SHIRANORATO) gallium, a bis(2-methyl-8-quinolinolato) (tris (4 and 4-biphenyl) 
SHIRANORATO) gallium, etc. are mentioned. Bis(2-methyl-8-quinolinolato) (2-NAFUT0RAT0) 
aluminum and bis(2-methyl-8-quinolinolato) (triphenyl SHIRANORATO) aluminum are mentioned 
especially preferably. 

[0051] As an example of a dinuclear metal complex expressed with said general formula (IV), bis 
(2-methyl-8-KINORATO) aluminum-mu-oxo— screw-(2-methyl-8-quinolinolato) aluminum, Bis(2, 
4-dimethyl-8-quinolinolato) aluminum-mu-oxo — screw-(2, 4-dimethyl-8-quinolinolato) aluminum, 
Bis(4-ethyl-2-methyl-8-quinolinolato) aluminum-mu-oxo — screw-(4-ethyl-2-methyl-8- 
quinolinolato) aluminum, Bis(2-methyl-4-methoxy quinolinolato) aluminum-mu-oxo — screw-(2- 
methyl-4-methoxy quinolinolato) aluminum, Bis(5-cyano-2-methyl-8-quinolinolato) aluminum- 
mu-oxo — screw-(5-cyano-2-methyl-8-quinolinolato) aluminum, Bis(5-chloro-2-methyh8- 
quinolinolato) aluminum-mu-oxo — screw-(5~chloro-2-methyl-8-quinolinolato) aluminum, Bis(2- 
methyl-5-trifluoromethyl-8-quinolinolato) aluminum-mu-oxo — screw-(2-methyl-5- 
trifluoromethyl-8-quinolinolato) aluminum etc. is mentioned. Bis(2-methyl-8-quinolinolato) 
aluminum-mu-oxo — screw-(2-methyl-8-quinolinolato) aluminum is mentioned especially 
preferably. The example of a compound of ******(ing) at least 1, 2, and 4-triazole ring expressed 
with said structure expression (V) is shown below. 
[0052] 

[Formula 15] 
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[0053] As an example of a styryl compound expressed with said general formula (VI), the 
distyrylbiphenyl derivative which shows a structure expression is listed, for example to below. 
[0054] 

[Formula 16] 
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[0055] 0.3-1 OOnm of thickness of the electron hole blocking layer 6 is usually 0.5-30nm 
preferably. Although an electron hole blocking layer can also be formed by the same approach as 
an electron hole transportation layer, a vacuum deposition method is usually used. It is possible 
to form an electron transport layer 7 between the electron hole blocking layer 6 and cathode 8 
for the purpose of raising the luminous efficiency of a component further. An electron transport 
layer 7 is formed from the compound which can convey efficiently the electron poured in from 
cathode in inter-electrode [ which was able to give electric field ] in the direction of the electron 
hole blocking layer 6. It has the effectiveness which prevents the exciton generated by the 
recombination in a luminous layer diffusing an electron transport layer, and quenching being 
carried out in cathode 8. It is required for the electron injection effectiveness from cathode 8 to 
be the compound which can convey highly the electron which has high electron mobility and was 
poured in efficiently as an electronic transportability compound used for an electron transport 
layer 7. 

[0056] As an ingredient which fulfills such conditions, metal complexes, such as an aluminum 
complex of 8-hydroxyquinoline (JP,59~1 94393,A), The metal complex of a 10-hydroxy benzo[h] 
quinoline (JP,6-322362,A), An oxadiazole derivative (JP,2-216791 ,A), a distyrylbiphenyl derivative 
(JP,3-231970,A), A silole derivative (JP,9-8761 6,A), 3, or a 5-hydroxy flavone metal complex 
(Appl.Phys.Lett., 71 volumes, 3338 pages, 1997), A benzoxazole metal complex (JP,6-336586,A), 
a benzothiazole metal complex (JP.9-2791 34,A), Tris benzimidazolyl benzene (U.S. Pat No. 
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5,645,948 specification), A quinoxaline compound (JP, 6-2071 69,A), a phenanthroline derivative 
(JP,5-331459,A), 2-t-buty! -9, 10-N, and N'-dicyano anthraquinone diimine (Phys.Stat.Sol. (a), 
142 volumes, 489 pages, 1994), n mold hydrogenation amorphous carbonization silicon, n mold 
zinc sulfide, n mold zinc selenide, etc. are mentioned. 5-200nm of thickness of an electron 
transport layer 7 is usually 10-100nm preferably. 

[0057] Cathode 8 plays the role which injects an electron into an electron transport layer 7. 
Although the ingredient used as cathode 8 can use the ingredient used for said anode plate 2, in 
order to perform electron injection efficiently, the low metal of a work function is desirable and 
suitable metals or those alloys, such as tin, magnesium, an indium, calcium, aluminum, and silver, 
are used. As an example, low work function alloy electrodes, such as a magnesium-silver alloy, a 
magnesium-indium alloy, and an aluminium-lithium alloy, are mentioned. 

[0058] Furthermore, it is the effective approach of raising the effectiveness of a component to 
insert ultra-thin film (0.1 -5nm), such as alkali metal compounds, such as LiF and Li2 O, and an 
alkaline earth halogenide, in the interface of cathode, a luminous layer, or an electron transport 
layer (Appl.Phys.Lett., 70 volumes, 152 pages, 1997;IEEE Trans. Electron. Devices, 44 volumes, 
1245 pages, the 1997; Japanese-Patent-Application-No. No. 86662 [ nine to ] specification). The 
thickness of cathode 8 is usually the same as that of an anode plate 2. It increases the stability 
of a component that a work function carries out the laminating of the stable metal layer to 
atmospheric air further highly on this in order to protect the cathode which consists of a low 
work function metal. For this purpose, metals, such as copper, aluminum, silver, nickel, chromium, 
gold, and platinum, are used. 

[0059] In addition, it is also possible to carry out a laminating to the order of cathode 8, an 
electron transport layer 7, a luminous layer 5, the electron hole transportation layer 4, and an 
anode plate 2 on structure contrary to drawing 1 , i.e., a substrate, and at least one side is able 
to prepare the organic electroluminescence devices of this invention between two substrates 
with high transparency, as mentioned already. It is also possible similarly to carry out a 
laminating to structure contrary to said class configuration shown in drawing 2 and drawing 3 . 
According to the organic electroluminescence devices of this invention, luminous efficiency is 
high, white luminescence excellent in stability is obtained, it functions as the back light light 
source it is not only useful as a display device of a direct viewing type, but, and it is also still 
more possible to produce a full color display device by combining with a color filter. 
[0060] 

[Example] Next, although an example explains this invention still more concretely, this invention 
is not limited to the publication of the following examples, unless the summary is exceeded. 
After ultrasonic cleaning and pure water performed the example of reference 1 glass substrate 
by rinsing and isopropyl alcohol and the acetone performed desiccation, and UV / ozone washing 
with ultrasonic cleaning and desiccation nitrogen, it installed in the vacuum evaporation system, 
and it exhausted using the oil diffusion pump until the degree of vacuum in equipment was set to 
2x10 to 6 or less Torrs. The instantiation compound (1-3) was put into ceramic crucible, and it 
vapor-deposited by heating at the tantalum wire heater around crucible. The temperature of the 
crucible at this time was controlled in 200-260 degrees C. The degree of vacuum at the time of 
vacuum evaporationo is 1.8x10-6Torr (about 2.3x10 to 4 Pa), and obtained the uniform and 
transparent film of 82nm of thickness with the evaporation rate of 0.3nm/second. When the 
ionization potential of this thin film sample was measured using the ultraviolet-rays electronic 
analysis apparatus (AC-1) by Riken Keiki Co., Ltd., the value of 5.06eV was shown. The maximum 
of the fluorescence wavelength which excited and measured this vacuum evaporationo film with 
the mercury lamp (wavelength 350nm) was 465nm, and was blue fluorescence, moreover — the 
powder sample of an instantiation compound — SEIKO electronic company make — when 
differential-thermal-analysis measurement was carried out by DSC-20, Tg showed 93 degrees C 
and a high value. Similarly, the result of having measured ionization potential, fluorescence 
maximum wave length, and Tg about other instantiation compounds is shown in Table -6. 
[0061] 
[Table 6] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



2007/07/25 



JP.11-329734.A [DETAILED DESCRIPTION] 



19/23 ^— v 



S?-6 
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[nm] 


Tg DC] 


1-3 


5.06 


465 


93 


1-5 


5.08 


445 




1-1 n 

I- I u 




dsn 




1-27 


5.09 


470 


142 


1-28 


5.05 


480 


120 



[0062] It is the 4 and 4'-bis[N~(1-naphthyl)""N-phenylamino] biphenyl (H-1) which replaces with 
an instantiation compound (1-3), and is shown below as an ingredient of an example of reference 
2 electron-hole transportation layer The source of vacuum evaporations and [0063] 
[Formula 17] 




(H-1) 



[0064] It carried out and also the vacuum evaporation© film was produced like the example 1 of 
reference. When the ionization potential of this thin film sample was measured, the value of 
5.25eV was shown. 

As an ingredient of an example of reference 3 electron-hole blocking layer, it replaced with the 
instantiation compound (1-3), and the bis(2-methyl-8-quinolinolato) (triphenyl SHIRANORATO) 
aluminum complex (HB-1) shown below was made into the source of vacuum evaporationo, and 
also the vacuum evaporationo film was produced like the example 1 of reference. 
;0065] 

[Formula 18] 




(HB-1) 



[0066] It was 5.51 eV as a result of measuring the ionization potential of this thin film sample. 
The organic electroluminescence devices which have the structure shown in example 1 drawing 
2 were produced by the following approaches. Patterning of what deposited 120nm of indium 
stannic-acid ghost (ITO) transparence electric conduction film on the glass substrate (15ohms 
of sheet resistance [ Geomatec make; electron beam membrane formation article; ]) was carried 
out to the stripe of 2mm width of face using the usual photolithography technique and 
hydrochloric-acid etching, and the anode plate was formed. The ITO substrate which carried out 
pattern formation was dried by the nitrogen blow after washing in order of ultrasonic cleaning by 
the acetone, rinsing by pure water, and ultrasonic cleaning by isopropyl alcohol, finally 
ultraviolet-rays ozone washing was performed, and it installed in the vacuum evaporation system. 
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It exhausted using the oil diffusion pump equipped with the liquid nitrogen trap after the oil 
sealed rotary pump performed rough exhaust air of the above-mentioned equipment until the 
degree of vacuum in equipment became below 2x10-6Torr (about 2.7x10 to 4 Pa). 
[0067] The 4 and 4'-bis[N-(1-naphthyl)-N-phenylamino] biphenyl (H-1) was put into ceramic 
crucible, and it vapor-deposited by heating at the tantalum wire heater around crucible as an 
electron hole transportation layer ingredient. The temperature of the crucible at this time was 
controlled in 275-280 degrees C. The degree of vacuum at the time of vacuum evaporationo is 
1.1x10-6Torr (about 1.5x10 to 4 Pa), and obtained the electron hole transportation layer 4 of 
60nm of thickness with the evaporation rate of 0.3nm/second. next, the rubrene (D-1) which 
uses an instantiation compound (1-10) as a host ingredient for a luminous layer 5, and shows a 
structure expression below — a dope fluorochrome — carrying out — duality — it vapor- 
deposited on the above-mentioned electron hole transportation layer 4 with coincidence vacuum 
deposition. 
[0068] 

[Formula 19] 



[0069] The range of the crucible temperature of the instantiation compound at this time (1-10) is 
320-330 degrees C, and the crucible temperature of rubrene was controlled by 200 degrees C. 
The degree of vacuum at the time of vacuum evaporationo was 1.1x10-6Torr (about 1.5x10 to 4 
Pa), it was 0.2nm/second in evaporation rate of a host ingredient, and thickness was 30nm. It 
considers as the field which is not doped without opening the shutter of rubrene crucible, and 
was made for rubrene to become 0.4 % of the weight to a host ingredient in the field of the 15nm 
of the first thickness in the 15nm field of the second half at this time. Then, the bis(2-methyl-8- 
quinolinolato) (triphenyl SHIRANORATO) aluminum complex (HB-1) was vapor-deposited 
similarly on the above-mentioned luminous layer 5 as an ingredient of the electron hole blocking 
layer 6. The temperature of the crucible at this time was controlled in 180-190 degrees C. The 
degree of vacuum at the time of vacuum evaporationo was 8.0x1 0-7Torr (about 1 .1x10 to 4 Pa), 
it was 0.5nm/second in evaporation rate, and thickness was 20nm. Furthermore, the 8- 
hydroxyquinoline complex (E-1) of the aluminum shown below as an ingredient of an electron 
transport layer 7 was vapor-deposited similarly on the above-mentioned electron hole blocking 
layer 6. 
[0070] 

[Formula 20] 



[0071] The temperature of the crucible at this time was controlled in 300-310 degrees C. The 
degree of vacuum at the time of vacuum evaporationo was 8.0x1 0-7Torr (about 1.1x10 to 4 Pa), 
it was 0.3nm/second in evaporation rate, and thickness was 25nm. The substrate temperature 
when carrying out vacuum deposition of the electron transport layer 7 was held from the above- 




(D-1) 




(E-1) 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



2007/07/25 



JP,11-329734,A [DETAILED DESCRIPTION] 



21/23 ^— v 



mentioned electron hole transportation layer 4 to the room temperature. 

[0072] The component which performed the vacuum evaporationo to an electron transport layer 
7 is once taken out from the inside of said vacuum evaporation system in atmospheric air here. 
As a mask for cathode vacuum evaporationo, the stripe-like shadow mask of 2mm width of face 
It was made to stick to a component so that it may intersect perpendicularly with the ITO stripe 
of an anode plate 2, and it exhausted until it installed in another vacuum evaporation system and 
the degree of vacuum in equipment became below 2x10-6Torr (about 2.7x10 to 4 Pa) like the 
organic layer. Magnesium fluoride (MgF2) was first formed on the electron transport layer 7 by 
0.5nm thickness by evaporation rate [ of 0.04nm/second ], and degree of vacuum 5.0x1 0-6Torr 
(about 6.7x10 to 4 Pa), using a molybdenum boat as cathode 8. Next, aluminum was similarly 
heated by the molybdenum boat and the aluminum layer of 40nm of thickness was formed by 
evaporation rate [ of 0.5nm/second ], and degree of vacuum 1.2x10~5Torr (about 1.6x10 to 3 
Pa). Furthermore, on it, in order to raise the conductivity of cathode, similarly, the molybdenum 
boat was used, copper was heated, the copper layer of 40nm of thickness was formed by 
evaporation rate [ of 0.4nm/second ], and degree of vacuum 1.2x10-5Torr (about 1.6x10 to 3 
Pa) f and cathode 8 was completed. The substrate temperature at the time of vacuum 
evaporationo of the above three-layer mold cathode 8 was held to the room temperature. 
[0073] The organic electroluminescence devices which have the luminescence area part of 
2mmx2mm size as mentioned above were obtained. The luminescence property of this 
component is shown in Table -7. Setting to Table -7, luminescence brightness is 250 mA/cm2. 
The value in current density and luminous efficiency are 100 cd/m2. For a value, brightness / 
current, electrical potential differences are the inclination of a brightness-current density 
property 100 cd/m2 A value is shown respectively. A CIE chromaticity-coordinate value (JIS 
Z8701) is doubled and shown. EL spectrum is shown in d rawin g 5 . The luminescent color was 
white. The preservation stability of the component which the remarkable rise of driver voltage is 
not seen, and after prolonged preservation does not have the fall of luminous efficiency or 
brightness, either, and was stabilized by this component was acquired. 
[0074] 
[Table 7] 
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[0075] The instantiation compound (1-27) was used as the benzothioxanthene derivative (D-2) 
which shows a dope fluorochrome in the following structure expressions as a host ingredient of 
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example 2 luminous layer, and also it is [0076] like an example 1. 
[Formula 21] 




(D-2) 



[0077] It was alike, it carried out and the component was produced. The luminescence property 
of a component is shown in Table -7. EL spectrum is shown in drawing 6 . The luminescent color 
was white. 

It considered as the azabenzthioxanthene derivative (D-3) which shows a dope fluorochrome 
[ in / for perylene / the field of 15nm of thickness by the side of an electron hole blocking 
layer ] in the following structure expressions as a host ingredient of example 3 luminous layer as 
a dope fluorochrome [ in / for an instantiation compound (1-3) / the field of 15nm of thickness 
by the side of an electron hole transportation layer ], and also the component was produced like 
the example 1 . 
[0078] 

[Formula 22] 




(D-3) 



[0079] The luminescence property of a component is shown in Table -7. 

An electrical potential difference is changed for the component produced in the example 4 

example 1, an intensity level is changed, an emission spectrum is measured, and the result of 

having searched for the chromaticity coordinate is shown in Table -8. Although the 

chromaticity-coordinate value was changed a little, it was extent in which all are white 

luminescence fields and no problem is practically. 

[0080] 

[Table 8] 

m-8 
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14 
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[0081] Into the example of reference 4 luminous-layer ingredient, it used and an instantiation 
compound (1-10) and (1-27) (1-3) the others which are not doped to a luminous layer produced 
the component like the example 1. The luminescence property of these components is shown in 
Table -7. All were the luminescent color of blue and a bluish green color. The chromaticity- 
coordinate value calculated from the fluorescence spectrum in the solution of the dope coloring 
matter used in the chromaticity coordinate and examples 1-3 of the component which is not 
these-doped is shown in drawing 7 . 

[0082] An example of comparison 1 electron-hole blocking layer was not prepared, but thickness 
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of an electron transport layer was set to 45nm, and also the component was produced like the 
example 2. The luminescence property of this component is shown in Table -7. Blue 
luminescence was not obtained but yellowish green luminescence by which dope coloring matter 
joined luminescence from the 8-hydroxyquinoline complex of aluminum used as an electron 
transport layer was observed. 

An example of comparison 2 electron-hole transportation layer was not prepared, but the 
thickness was set to 60nm by using a luminous layer ingredient as an instantiation compound (I- 
3), azabenzthioxanthene (D-3) was used as dope coloring matter, and also the component was 
produced like the example 1. The luminescence property of this component is shown in Table -7. 
Luminous efficiency was low although white luminescence was obtained. 

[0083] Doped perylene and the benzothoxanthene (D-2) 1.0 or 0.4% of the weight respectively, 
and did not prepare an electron hole blocking layer, using said compound (HB-1) as an example 
of comparison 3 blue luminous layer host ingredient, (E-1) was used as an electron transport 
layer, and also the component was produced like the example 1. [ 45nm ] The luminescence 
property of this component is shown in Table -7. Luminous efficiency was low although white 
luminescence was obtained. 
[0084] 

[Effect of the Invention] In order to make the luminous layer which consists of specific aromatic 
amine contain specific luminescence coloring matter according to the organic 
electroluminescence devices of this invention, the component whose stability could attain white 
luminescence of high luminous efficiency, and improved can be obtained. Therefore, as the object 
for mount as which the organic electroluminescence devices by this invention can consider the 
application to the light source (for example, the light source of a copying machine, the back light 
light source of a liquid crystal display or instruments) which employed the description as a flat- 
panel display (for example, the object for OA computers and a flat TV), or a multicolor display 
device or a field illuminant efficiently, the plotting board, an indicator, etc. to be, and high thermal 
resistance is required especially, and an outdoor-type display device, the technical value is large. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] The type section Fig. having shown an example of organic electroluminescence 
devices. 

[Dra wing 2] The type section Fig. having shown another example of organic electroluminescence 
devices. 

[ Drawing 3] The type section Fig. having shown another example of organic electroluminescence 
devices. 

[Drawing 4] The CIE chromaticity-coordinate Fig. having shown the concept of additive mixture 
of colors. 

[Dra wi ng 5] The emission spectrum from the organic electroluminescence devices of an example 
1. 

[Drawing 6] The emission spectrum from the organic electroluminescence devices of an example 
2. 

[Dr awing 7] The host who used for examples 1-3, and the CIE chromaticity-coordinate Fig. of 
luminescence from dope coloring matter. 
[Description of Notations] 

1 Substrate 

2 Anode Plate 

3 Anode Plate Buffer Layer 

4 Electron Hole Transportation Layer 

5 Luminous Layer 

6 Electron Hole Blocking Layer 

7 Electron Transport Layer 

8 Cathode 
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10 toi^T, Hjfi«WHb>S:3V6KB|-rs. H 

WC^WffiH-pfet), llifi«, 2«Hffi, 4&IE7L 
USB, 6 t4SE?LRaihJB, 8izmm*&* 

tZZttf&ZtDUftg. L<ftl\ C (Dfc&bs SWUM 

[0013] Iii±ci«i2r^&n5^, nffi 

2 BiE?UISSM'\OiE?LftA©filil**fc'rt)0 , r* 
§„ Cco|^S«, fflUt, T;l/5^7A, IS, -'yy 

^B, *-#y^7 7^, ^tWi, #U (.3 -*?■)]/?■ 
5HF*KJ:0««*n*o Piffi2©ffMtiji^, 

b, ISSi±k:Jfcfrr*cfcKJ:t)lt«2*JBj*-r*e: 
ife-etSo SIC **ttK^O»dH:«Sa^KJ: 
40 1 ±K»fll*^bfcD, 1 ±te«*1$ 

^^^bTRiffi2*JfM-r§Jli: i fe'et§ (Ap 
pi. Phys. Lett.. 6 0#, 2 7 1 1 H, 1 

992^) o ntt2ttB&*ttKTftWb"aBj*-r*«: 

i:fenItgi?fe^o Bffi2©ff^ii:, *SBfc-r*a^ttfc 

§Li*^$L<, cotK, m&&, jfinr, 5~io 

00nm, ff^b<(i 10-50 0nmiST'$5o ^ 

so fc, Mtti±te©[^S2^±(cM^ ; i.#ws%«ii-r 



7 

[0 0 14] »ffi2<D±fcttIE7UftSH4tft8tt5ft 

* j; < (tas-r * c fc j^t * « * * c t *^eai-eft 

SJttfflftfcWLTjMBttflW < , bfr£IE7L&iJJStf± 
B#^{fMcf§£Uc<^d^g*2nSo ±EO- 
JCttSlCB«lttj5«*«n*o ffioT, T g t LT 8 5 

[0015] ccD&v&jEjmmmtLxte, mz. 

fcT, 1, 1-ex (4-> ? -p-h l J;V75/7x^ 

bfe5f#*^T5yft^«B C«F58HS 5 9— 1 9 4 3 9 3 
*f&«) > 4, 4' -tfX [N- (1— f7f-;W -N 

teB»Lfc3?#«7 5 7 5-2 3 4 6 8 1 ^ 

m) > hU7x^;1^7#7<D&£freX#-^-7h 
«jfi**1-«^SKhU75> (*HWffFi?4, 9 2 
3, 7 7 4^1® , N, N' -i>'7i-^-N, 

N' -tfx (3-^f;V7x-;W t:7x-;l/-4, 

4' -i;r5>«o3Sf*K^r'5> (*w#f?!£4, 7 

6 4, 6 2 5fW«I) , bT3M*«K:#*f 

»ahU7*-;i'r5>»aM* ofifflM- 1 2927 

mbfcitSVQ (M¥4 - 1 7 5 3 9 5 #4^8) , xf- 
U7»"T*»=»£»K7 5 y«£5ffiSSbfc5?«8*r77 
5> (WM¥4-2 6 4 1 8 9^&fS) , X^-U/HJfi 

**rr *5f #«s?7 ^ y mmy- 4-290851^ 
«) , f-*7xv» - «s#ai»3R75>i|iffi*jteb 

fcfe© fl*M 3 F4-3 0 4 4 6 6#&$8) , X^-^- 
*hS3f#ShU75> CftHPM-3 0 8 68 8*|£ 
ffi) , '<7SW7x^;Wfc£W (»HPF4-3 6 4 1 5 
s 7/P*U>SS"P»=ft75>*5ilSbfefe 
0) mm¥5- 2 5 4 7 3*t&«) , h VTSVib&tB 
5-2 3 9 4 5 5^»fg) , l£77t?'J *J)V7 

5 J tT 7 x-;l/ 5-320634 , 
N, N, N-hU7x-;l/7 5^BIHtt (<fl¥6-l 
9 7 2^&$8) , 7x/4^7>«^£*7S7?ft&7 

7 5 y (WWPF7- 1 3 8 5 6 2*§4>#) , '775/7 
x^7xt> h U 5»»i*# (W7- 2 5 2 4 7 
4*t4>IB) , '>7if7{fc£ft OKHftlffM. 9 5 0, 
9 5 <mwm&) , S^7 5 7i§W# («fM¥6-4 9 
0 7 9*f£S) , ^X7 7 5>i#ft (8fBB¥6-2 5 

6 5 94§&«) , ^7^u K>ft^ws«mttfsn*o 



(5) 1 1 -3 2 9 7 3 4 

8 

[0016] mwtsmmiz, jEiimmmoitfnt 

bT, #»J If^l/A^V/^VWJ 7v> (A p p 
1. Phys. Lett., 59 #, 2 7 6 OH, 19 
9 1 m , 4?'J7tX77t> (#^¥5-3 10 9 4 
9#ft») , #U75 F CftMPF5-3 1 0 9 4 9*14* 
«) > #'Jtf-;l/hU7i-;V75> (#^¥7-5 3 
9 5 3*f&*HK hU7x-;I/75>#»*W"r*W5J' 
7 (»H¥ 4- 1 3 3 0 6 5^«) > h U7x-;l/7 
5 7*tt*^^U7S^-ea9SLfciff4)-? (Synth 
10 etic Metals, 55 — 57 4163 H, 

1 9 9 3 m , ^#^7 5 7*-s*rr * * * y u 

— h (J. Polym. S c i . , Polym. Che 
m. Ed. , 2 1 #, 9 6 9 H, 1 9 8 3^) ^©if 4> 

[0 0 17] ±EOiE?lJieSWiH*!6*S*v^ttJ^I 

«»: o Mien® 2 ±tc^s-r s <: t k x <o iehwm 
i4%Mn„ mti£<om&8., jE7iMmm%z~n 
X8raw± t , «t t> ie?l© h 5 y 7t a & 

So /wy^-snifcbTtt, k #u 

7'Jb-h, ^UxXr/^AWSnSo 

[0 0 18] iE?L*3StfS*S 
^KS^y7710" 4 PaSKKST*»abfc«, /P7 

30 t jKnnfcss i ±£Di^a 2 ±izi£iLmmm 4 
7^- 1 lx, ^mmtifV^ym<D^mm#Rx}/xit 

(WW 4 - 3 2 0 4 8 4 #4^8) , ^^77x 

y 7^-^> 77 x / ymrnw mm¥ 5 - 

2 9 5 3 6 1 #&|fi) , 77- U>H (W W¥ 5-33 
1 4 5 8*|&fH) f^l0" 3 ~l 0a«%©?lfi7K- 
7bT, 7U-+-+'J7i:broiE?L*4iS*««ci: 
Kit), fSMJEKft^Wc-rSC^^T^So IE7Ltt 
iMH 4 coHJlti, 1 0~3 0 0 nnu »Sb<(i 

40 3 0-1 0 0 nmt'j&So C ©DlKaE^K*— tRfcJgrit 
7SfcJ6tC(i, -Hfttl|^»j*^<t<fflV^nSo 
[0 0 19] H«2 i;iE?LlijMS4cDny^^ hfclfiU: 
^-^Sfctotc, I3^«C, ilffi^>y7 7jl3^!S 
*tSCfc*<#*6n*o ^ffi/^y7rStcffli/^P>ns« 

jxi&fflB&t bra i o oicj|jUi3^H**n*o s 

50 iEJUBUftS/j^tv^fc^fSftSo d 
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ens Ticfsjiy j y ymmwp7$ 
ui/T-yfc-sm mm* 3-295695 

3 0 8 6 8 , t F^7>{fc^ flSHPM- 

3 2 0 4 8 3^&$fi) , r;l/3*'>«HO^«K^73 
2 0 9 9 5#&«) s p- (9 
-7>hV)l) — N, N— S?— p — h y (ft 

m¥3-l 1 1 4 8 5^&ffi) , #Uf-X-U>e-l/ 
> J f>#'J-p-7x-U>e-U> (WMT4-14 5 
1 9 ZW^m » *'JT-U > (A p p 1 . P h y s . 
Lett., 64t, 1 2 4 5H, 1 9 9 4*«I) 3 
O^Wb^tt-f, * • (^BB¥ 8-3 

l 5 7 3*§&«) *\ /W7ASHm 
fbfts tU^x^ltfMWO&fWflfl* Cm 4 3 HHSffl 
M^M^Jl^li^, 2 7a-SY-9, 1996 

[0020] ±!B^ffi;W7 7B*ffi£LTJ;<{£ffl£ 
nafb&Wfi: LTt±, #;l/7 ^ D >{fc£»XH:7 * p ^ 

#;P7i'^ 

5, 10, 15, 20-7 F57x-;V- 21H, 23H-#;l/7 -f > 

5, 10, 15,20— f h77x-;l/- 21H,23H-^;l/7^>3 
/Wh (ID 

5,10,15,20— r h ^7 21H, 23H-^;l/7^ 
(ID 

5, 10, 15, 20-7 h 7 7jl—)1>- 21H, 23H-#;l/7 
SB (ID 

5, 10, 15, 20-r h 7 7 xx;l/- 21H, 23H-#;l/7 Y >^ 
T^7A (IV) **i/F 

5, 10, 15, 20-r (4-lf'JSW - 21H,23H-#;l/ 

y^y 

29H.31H -7^P^>7r.y 
ffl (II) 7^n^7-y 

ffi$a do 7^p^>7-> 

f5i>7^n>'7-^-> F 

-?V^yyL,y%uyT-y 

m7$vy7~y 

m (ID 4, 4' , 4", 4' ' ' -rh77-f-29H, 
31H -7^n->7-> 
[0 0 2 1 ] »^>y7rJi©«^fe, EflJ&i&ifcP 

ji 3 commit, 3 ~ 1 0 0 n m, &t 1 < a 1 0 

~ 5 0 n ml? 3d So 
[0 0 2 2] E?Lili*Ji4©±fc:H:83£«5jt)W5ft 

§0 3£3fcS5«, «l?*^*.6*i;fc*lilWK:ft^T, n 



(6) #P^¥ 1 1 -3 2 9 7 3 4 

10 

[0023] *«wfc»v^«, mtm\$s mmmx 

10 ©83fc^«fttf4 0 0~5 0 0nm©lfiHK:*<5## 
®7 5 yto&toUKTs hW&t IX, SHRttlRXtt** 

mm'mx^f^m^tm±^m^5 5o~650nm© 

~l 0 ciiti: 19, ig$sb*©e&5gft 
EftgjilSEI ( J I S Z 8 7 0 1 ) *ffll>TWBf«. 

eft%3ta0ifowTf^-refejS (x = y = i/3) § 

^&fc**Wi"e*bS*lSo 4 0 0~5 0 0nmtC^ 

20 wis, «^cD^«tcfug-rso m,jmm.m 

#550~650 nm<DV-\£y?m&yt&M<Df&t 
It, Btxoltft St #©«Wfc*«&T*. 0>JA 
tf , IHUfiajtO*^ LT a £© fe ©£{$ 5 if 

SfflftCJ; t) a blfSbStiSMMJti, F-7 

*^ 6 f— e>^i«tt#fcaK»^icft#-r 5 a& 

30 583t*?sWi«*n*o effi, ef ^CO^TfelBI 
[0 0 2 4] *«ffiK45l,'»Ttt, ±l2©*ff%?Sfc1-W 

5o %%m7^yit£M%mMm&<D5%ytm 

tOffltSlttoofcD (Jpn. J. Appl. Ph 
ys. , 32 #, L917H, 1 9 9 3*) , fl^ScD 

VJl&QMfr-orz'O (Jpn. J. Appl. Phy 
40 s. , 3 5i, 4 8 1 91, 1 9 9 6*) LtztMC, 

3Mtt©^#iK7 5 y\\^wt%%m t Lxwhtm^s 
tabic, jEHMmm(D'r*yik$7-yi/v)i& t ) o. 1 
e v &±/hs (/ ^ * v{b#r > + JtttKS 

t©«?#afc«fe ^?a*Hf©ig^HtfettsiE?L 

50 So 
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[0025] ifrnm^mnn^m^m^ftm 

mmtztm <o K^r^mmr * yitsmmftzu 
miz%^t>\ ^mvm^itmit, 
t-M^^^mum (T g ) *Mir%cti)m*L 

\i\ M^T g*Glr%%mMT^y{t-emtLT:, 

^miz^n^mmr^ymi-m^ en 
xa (in xm^tn^mmr^y^m^mim io 

[0 0 2 6] 
[ft 8] 

Ar 3 

N— X— N (I) 



Ar< 



A^ 



Ar* 



[0 0 2 7] huIS-«SS (I) Kfc^T, »S:L<«, 
IS, -^^l^H, 77h7-feMS, t£t7?7l\ 7;V 20 

^lxyjg, yxi-ybuym, ^uym, y&v&y 

tltH/Nny>i? ; x^;l/af?cDKi=S 
i -etDT^^^S ; ex;i/a^©7;i/^x;i/8 ; * h 
+v/*;l/4?-;l/», x h4^>*>I/#-;l>S^©K*S 1 

a, s>W7°nt;;i/7 5/a^oi>'r;i/^75/a^ 30 

a, 7xx;l/», ^F+->itfflf5tl5 0 
[0 0 2 8] Ar' &^LA r' fi, $?$L<«, 

a> tf7xx;ua, ^7f-;i/a, r>hu^a^ 7xt 

>hU;VS^ b°Ux;l/a, (£U>>';l/8> MJ77Vb8, 
h°v^8, ^7+-9-'J;va, fx-;VM^L, MIE 

1 ~6 0)7)l*)m ; tfx;l/S^<D7;l7rx;b 
a ; ^ h+v-A;l/#x;l/a> X h+v-A^^-^SHcD 40 
%mWi 1 ~6£07;bn+i/*;b#x;l/a ! ^ h^>&. 
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y-^a, 7xx;ba, * h+^fifanso 

[0 0 2 9] 
[ft 9] 



(II) 




[0 0 3 0] fflHE-HfeS (II) fcfcl^T, YiiSIS? 

xai. 3, 5-mcmm%=m<D^yi£ymfrm 

tftlSc Ar 5 Rt>'Ar 6 H\ »SL<tt, £^»3aL 
T> #^rWaS*Wl/T^Tt *l\ 7iX/H, t£7 
x-/H, ^-7f-;l/», 77HJ;i/S, 7xt>h'J;b 

a, \fu-)im, uys?;Wfc hur^s, ^s>'/b 

a, */*"9-U;l/», ^-xz/H^il, MfBffi&8i: 

LTtt^ps^s? ; y-^a, xf-;pa^K*a 1 

~6cD7;l/+;l/a ; Hx;i/8^<D7;l^x;i/S ; y h^- 
v/*;l/^x;^ ih*i/*;l/jR-;HHo^a l ~ 
6©7;b3+i/*;l/4<x;l/S ; y h+i/S^ xh+>I 
tPO*H8Ri~6 0T;l/3*s/i|; 7x7+^1, ^> 

a ; sM77°nt?;l/75 78^©y*7;l/37l/7 = y8£ 

a, 7xx;H, ^ h+^fifsns. 
[0031] aawifcfci/vctt, fttSHfiS ( i ) x« 

HiSS (II) fc^-rft^«Bfit«kO, Tg*8 5iCW± 
t-rsc t^Tt, coiHIMtOiRLhK: J: 0?SStctttt 

mmm^n^w&mm t oubk *j w- § ^Fotasfitftfc 
$ fc , * y { b^r > -7 + j\> t iE?L#3f JI o * n «fc t> 

0. 1 e VfiU:/|v!r £fc, 4 0 0- 

5 0 0 nm©i!fcgffiW^ftffi**WT33gftJia*i8St 

t?**o mib-ass (i) fttf (in T?at>«n**s 

[0 0 3 2] 
[Si] 



(8) «fM¥ 1 1 -3 2 9 7 3 4 

13 14 

Ar' Ar 3 

\ / 

N— X— N 
' \ 

Ar 2 Ar 4 





X 


Ar' 


Ar 3 


Ar" 


Ar 4 


(1-1) 


-oo 


-o 








(1-2) 


-oo 


-£>CH 3 




-0-CH 3 


"8 


(1-3) 


-oo 


-o 


H3C 




H 3 C 


(1-4) 


-oo- 


o 


~8~ CH3 


-o 


-^^-CH 3 


(1-5) 


-o-o 


o 




-Q 




(1-6) 


-oo- 


-O-CHa 






-93 


(1-7) 


-o-o 


-Q-OCHg 


"8 




~8 



[0 0 3 3] 



K2] 




[0 0 3 4] 



[S3] 




[0 0 3 5] 



[«4] 



21 



(12) 



#P^¥1 1 
22 



-329734 



*-5 






Ar 5 




Y 


(11-1) 


-o 




i 


. (II-2) 




CH 3 


| 


(H-3) 


CH 3 


CH 3 


1 


(IM) 


\ / 3 




1 


(II-5) 


o 


"8 


1 


(II-6) 


o 




i 


(II-7) 


o 


-o-o 


1 


(H-8) 


o 


o 




(H-9) 


o 


-Q 

CH 3 




(11-10) 


o 




A 


• (11-11) 


-o 




A 



[0 0 3 7] tft&Oft^ttfck *aTfffl^Tt±V> 

ysns&ftfeifci: bra, fritttfix&f&SigfBM 

fcfctf *&3HI*»fttf5 5 0-6 5 0 nmOSlfflfC* 

i-yz-tiymmw mm¥4 - 3 3 5 0 8 7 ^is) , 
= ¥>mmw mmw- 4-320485 n&m , 

(«FBB¥ 5-222362 if . D C Mfefg (W M 50 



BS63-264692 ^&ffi) , O— #5 yftjRStf* 

W (WP9-8 8 l 7 2^ffl«) , 7x7W^ 
X DCJM (Chem. Funct. Dyes, P 
roc. Int. Symp, , 2nd 1992¥, 5 
3 61) , wy^FU-y F^O^U 
5W„ ±IB©«)ttftjR*1lft*Xhtf»lC0. l~l 

[0 0 3 8] fife<D/S7>X*£R3fc&fc: % JS3t 
:8W*|s8_t*#*;fei&fc, 4 0 0~5 0 0 nmlCi)feI 



(13) 



23 

(#HW 5- 1 9 8 3 7 7 *§&$H) > * V"J ^SSSM*. 
■J-7*/!/^ 5 KBBfftt 4-320486 

*) > mmr^ymmw mm^s-i 99162^ 

ttftfcdW*tiSW&ttO. 1 ~ 1 0SM%ORHfc:& 
5:tWSU\ ±IH4 0 0-5 0 0 nmCDM^fe* 



24 



1-329734 



«3ttlO^*>{b#f->'>ir/l/«k») 0. 2 e V 
W±*£^*>{b4*r^>+;l>ofc*W3-3&gtf& 

fgft$*£ft±£#3liti£#t§ 0 CO<k 

5 fc£#*Stfcf lETLfflitBWBi: LTti, WTO-IK 



10 



■v ;W K— 1?> J: D Sftf 5 c t v\ 
[0 0 3 9] ±E#H-/0 h«Wtt»*t»»c F-7£n 

#«tcF-7°£ftTfe#lfr&i,\, 0J*.tf, IE?Lft3gg^ 
cDWSMtcO&F-7LfcD, IE?L|5I±B^ffi 
ififlffc F-7LT fe «fc t \ fi^Ji 5 tt, IE?L«$£/1 4 t 20 

5-3 OOnm, L < ti 1 0- 1 0 0 nmT-£ 
[0 0 4 0] 5BtJi5 0±lc{4iE?LlflihJi6 3WR»J6ti 

sfcsrarscfcBLtrstswj^ ft»^axsnfc 30 
i < ^3tH 5 o^^tcfUiM-r § c fctf -et * * 

9 



£ (IIDT-S 
[0 0 4 1 ] 
[ftl 0] 




M-L 



(III) 



[0 0 4 2] R' S^IR' tt, S-^ftftL 

T, zkiRISC?, WfyW&* 7)l^r)im, 77)l*)\< 

a, t;!/^— ;i^s> rv)im, ->7/m, 757*. 7 

^n+^S, 7;l/+;VX;l/5^— ;l/S, a -mp7;1>4 1 ;1> 
as*w lti^t t «fct^s«6ig{b7kigsx«HSis%# 

XttGaJTFfc^U LtiWTt^HRS (Ilia) , 

(ii iw xti (i iic) ©v-fn^oasafef) 

[0 0 4 3] 

[ft 1 1 ] 



-o-Ar^ (Ilia) -o-c-a^ (1Mb) 



Ar 9 

— o-rz-Ar 10 

Ar 11 



(lllc) 



[0 0 4 4] (S*, ZttSi, GeXdSnO^fn 
frOJS?***)^, Ar 9 XttAr'ii, S-^ftfcL 



5KJBtTO-)»S (IV) T?? 
[0 0 4 5] 
Wtl 2] 




(IV) 



J 2 



[0 0 4 6] (Stf> % R ft^LR Mfcil, 
T, 7k»T, Mny>MT. 7;l/*;HS, T'ZWb 
7)V>T=.}\<m, TViU& f77S, 7 5 7S, 7 
s^l/g, 7;l/3**>*;l/*-;l/IS, 7 
;1'34 1 > / S, 7;I/^;l/X;l'^;— 7l/S, a ->\U7A> : %-A> 



50 



LT^T&cfct,^§^MS«£S?frU MBA l HT 
J-XTO^jiS (IV) "P^Stl* 1 , 2 , 4 - h U 77- 



(14) 

25 

[0 0 4 7] 
[fbl 3] 

N-N 

-V- (V) 

[0048] .ixTo-flss (v) testis xf-uMfc 

[0 0 4 9] 

[ftl 4] 10 
Ar* 3 Ar 15 

C-CH-Ar ,z -CH=c' (VI) 
Ar 14 V 6 

[00 50] (iW, A r' 2 it, #^BSIS*WUTV 
fcgfcU A r" ^LAr" tt % ^MLt^ &4 
KKfb7K*8^at5t) 

Buta-«5S (HDT^^ns^IBfi^m^RWiJi; 20 

lt, ex (2-^f-;i/-8-*yuy5h) (7i/ 

5h OtA-h-^v^h) 7;l/5-^^ ex (2- 
^f;l/-8-^/'J/7F) (^^-^Wvh) 7;b 

5x7 a, ex (2-^^i/-8-+/uy7h) 

5-^1/^5 h) 7;l/^x<7A, ex (2-/>7^-8 
-4=-/y/5h) (^H-7i-;l/7x/7h) 7;P 

ex u-*?)\'-8-*yv;7Y) (y> 

^-7i^7i/7 H 7;l/^x>?A, ex (2-* 
f;l/-8-*/'J/7h) (A7-7i^;V7i/7 30 
)0 7;i/5--7A, ex (2-^f;V-8-4 i 7 l J/7 

h) (2, 3-^f/l/7x/7h) 7;l/5x^A, e 
X (2-^;V-8-*7'J/7H (2, 6-5>*f- 
/l/7x75b) Trt^-^A, ex (2-^^-8- 
+70 75 h) (3, 4-^f;l/7x77h) 7;l/$ 
x^A, ex (2-^f;V-8-*/y77H (3, 

5- >7f^7x/7h) ex (2-^ 

^-8-^7U/7h) (3, 5-i>'-tert-7 
^l/7x/7h) 7;l^x<?A, ex (2-*tVI/-8 
-*/'J75tO (2, 6->'7x^;l/7x/7h) 7 40 
;l/^x<?A, ex (2-yf-;I/-8-*/U/7h) 
(2, 4, 6- M> 7x^7x77 h) 7;b5-'7 
A, ex (2-/7 L ;l/-8-*7U7'7h) (2, 4, 

6- hU^Wi/7h) 7/l^x7A, ex (2- 
**-;l/-8-*>"J/510 (2, 3, 6-hU^f-;l/ 
7x/7h) 7;1/^X-7A, ex (2 -*?■;]/- 8-* 

(2, 3, 5, 6-f b7^f;l/7x/7 
h) 7;b5x<7A, ex (2-^^l/-8-^/U/7 
h) ( 1 -7-7 h5 h) 7;l/5->>A, ex (2-^7=- 
;V-8-*/'J/7M (2-t7h7h) 7;l/5x<? 50 
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A, ex (2-^7S>I/-8-*7U75h) (hU7x 
^>"777h) 7;l^x7A, ex (2-^f-;V-8 
(hU7x-;l/-y;l/T/9h) 7^5 
-<7A, ex (2-^^V-8-*7U77h) ( HJ 
x (4, 4, -t"7x^;W is^/yh) 7;b5x>7 
A, e'X (2, 4-^^-8-t7'J/7F) (* 
;H-7x-;l/7x/7b) 7;l^x<7A, ex (2, 
4-^f^-8-+7U77h) (/<7-7i-;V7 
x/7h) 7;^X"7A, e'X (2, 4 -5?* *•/!/- 8 
-*7U7"7h) W^-7x^;l/7x77h) 7/1/5 

- "7A, ex (2, 4-^7^-8 -+707 510 
(3, 5-^f;V7x77h) 7/1/5X-7A, ex 
(2, 4-^f;l/-8-*7V77h) (3, 5-5? 

- t e r t -7f;l/7x/7h) 7;b5x7A, ex 
(2-y7 L ;b-4-x^;l/-8-+7U7^h) 0^5 

-^U7'5h) 7;l/5-«7A, ex (2-^f-;l/-4- 
7 h^v— 8-+7'J77h) (^7-7x-/l/7x7 
7h) 7;l/5- , 7A, ex (2-j*f7l/-5-f7V- 
8-+7D7510 (*;l/h-*l/i/510 7;b5--7 
A, ex (2-^7 L ;l/-6- h 'J7MP^f;l/-8- 

+7U75H (2-t7h7h) 7;b5-<7A, ex 

•> A, ex (2-^^-8-^/U 75 h) (#;H* 
-£1^/510 #<7^A, ex ( 2-/^/1/- 8 -*7 
U/7h) (A7-7x^V7x77h) ^U^A ^ 
X (2-^f;b-8-+7'J77h) (l-7"7hv 
b) tfU^A, ex (2-^f;I/-8-*/!J/5b) 
(2-t7h7b) #U<7A, ex (2-^^-8- 
+7U/5M (h'J7x-^>777h) JSVVK 
ex (2-^f;l/-8-*7>J77h) (h'JX (4, 
4-t£7x-/W '77/5 h) A*'J^iSWf5fl 

So #tc»*t<tt, ex (2 -^^b-s-^y y / 

5b) (2-t7h7h) 7;b5-7A, ex (2-* 
f-;l/-8-+7';75h) (hU7x-;l/'>5/5b) 
7;l/5-7AA^lf5.n?.o 

[0051] tuia-j&s (iv) i»at>«n*n«^)MB 

ftcDRttfllfc ex (2-^f;l/-8-4F/7H 
7;l/5->7A-/i-^*y-ex- (2-^f-7l/-8- 
+7U75h) 7;P5->7A> ex (2, 4-^yfvV- 
-8-^7U/5h) 7;l'5^'7A-^-*^y-ex 

- (2, 4-i>W7l/-8-+7 y/5h) 7/l^x£ 
A, ex (4-x^;l/-2-y-f-/l'-8-4Vy 75 
b) 7;V5-7L-)i-^7-l£X- (4 -x^;l/- 
2 -7774/- 8 -*7 'J 75 h) 7;l/^x-7A, EX 
(2-7tW-4-7 h^*7'J77h) 7;l/^-7 

A-/i-*+V-eX- (2-7f7l/-4-7 h4^7* 
7U7vh) 7;l/5x-7A, ex (5-i/77-2-7 
f-;V-8-+7>J75 h) 7;R-7i-(i-«V- 
ex- (5-^77-2-y7 c ;l'-8-+7y75h) 
7;l^x7A, ex (5-7nn-2-^^;P-8-+ 
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/'jy^h) 7;l/^-^A-^-*+V-lfX- (5- 
^□p-2-^^-8-*yj/7» 7;I/^9 
A, ex (2-^^l/-5-h'J7;l/*n^f-;l—8- 

^/u/^to r^5-^A-/x-^v-trx- (2 

-*?7l'-5-HJ7;V*n*7-;l/-8-*/U/'5 



t-Bu 
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*-**7-tTX- (2-^f;l/-8-+/'J/7h) 7 

;i/5^^AW^n§„ MiBiijgs cv) -egfrsn 

3 1, 2, 4 - HJ 7 V-jmZ'Pft < i: t — Ofrf 5 
[0 0 5 2] 

[ffci 5] 




J 3 




N-N / N \_ 

o o 



[0053] Suts-^s (vi) -zmfrZftz^vMt 

[0 0 5 4] 

[fbi 6] 
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[0 0 5 5] IE?UEiLjl6 0lil¥t^ 0. 3-1 

OOnrm »3:L<ttO. 5~3 0 nmT'SSo iEflJfi 

MfcfiLh*#*«:fc*BWfcl/^ iE?LKiLJf 6 tUffi 

ax$nfc«?*^*ct; < lEiimita 6 ©^isncuBM-r 

lt«8T^ft$n3©£K<-«*WT3o 

[0 0 5 6] C©J:$ft*fr*?R;fc*ttlBfcl/rH\ 8 
59-194393 Wj&S) > 1 0 - 1 Fa* 

[ h ] */ 0 y<D&mmw mm¥ 6-322 50 
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3 6 2^«) , **WTV-)i>mmw mr$¥2- 

2 1 6 7 9 1 , S>Z?V>]/\>7x-)]/mWt 

mm¥3 - 2 3 1 9 7 0#4M© , *n-/MBW# 

9-8 7 6 1 6 *HtfB) , 3 X» 5 -t Fa* 
5/753j?>^Sffift: (Appl. Phys. Let 
t . , 7lf, 3 3 3 81, 1 9 9 7 $0 , ^X** 
■ty-;^JSim* (#M¥6 - 3 3 6 5 8 6^&») , 
^>^7'/-;«ft (#ffl¥9-2 7 9 1 3 4^ 

S5. 6 4 5, 9 4 8*fW*ffl*) , */*9->J ^{bS* 
(WHPF6-2 0 7 1 6 9^$g) , 7ityhP'Jy 
f§j»{* («f|5flsp 5-3 3 1 4 5 9#£«) , 2-t-f 

*;b-9, 10-N, n' -^>7/7yh7+yyy" 

-T5^(Phys. Stat. Sol. (a), 142 
#, 4 8 9H, 1 9 9 4¥) , nSbkJRl'fc^iflHKffcS' 

§o «?<ft3SS 7 ©JUSii, 5~2 0 0 nm, $? 

SL<H1 0~1 0 0nmt*$5o 
[0 0 5 7] 8« 8 tt, ttttmS 7 

IX, xX v?*^<7A, Jyi/Vk, Oifri/V^ 

[0058] mic, mmtmtmxizn?mmm<DRm 

tCL i F. L i 2 O^T/l^U&JSft^Wkfc'J 
idR/Nny^ffcft^flOWWH (0. 1-5 nm) %ffA 

(Appl. Phys. Lett., 7 0#, 152 
H, 1997^; IEEE Trans. Electr 
on. Devices, 44 #, 1 2 4 5 H, 1997 

¥;#ii¥9-8 6 6 6 2^fM«) „ mM8<Dmm& 
mzmmtzmx*. c<d±icmks ttmm»im<*. 

[0 0 5 9] W, 01 1 «jfficD«ig, ££±£16 
18, 7, ?£ftjf 5, IE?Ut3£Jl4> KM 2 
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[0 0 6 0] 

T, SHrtOUfflSW 2 x 10 s Tor rWTfcftSS 
3) *-b7 5*v^iB«fcXn, mitOjSBO^^Hfl 

«, 200-260 "CCDfBH'PSyffltfCo 1*H#©*S* 
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* fi& 1 . 8 x 1 0 6 T o r r ($>J2. 3xi o' Pa) 
T\ S^ilfiO. 3 nm/»T?BW8 2 nm«D-«ft?iS 

SHJFtm (ft) »©Sg^*«?^«TSIl (A C - 1 ) % 
ffl^TiiSLfcfcCS, 5. 06eV©f4iLft 0 C 
CD£j|||£*jj<JB7>7 (»S 3 5 0 n m) X'B&LX 
»l£Lfc83fc»S©ft*:ti:4 6 5nmX\ H&QWtT* 

So fee Sfc, ^{b^aor^lffltco^r, -b>f3 

10 3Tgtt9 31Ci:^i^Lfto HftKLT, flfi<D0!l 

fi, T g ^iJSLfclSS^S- 6 t^-To 
[00 6 1] 
[*6] 



15-6 





[eV] 


[nm] 


Tg [-C] 


1-3 


5.06 


465 


93 


1-5 


5.08 


445 


88 


1-10 


5.00 


450 


146 


I-27 


5.09 


470 


142 


I-28 


5.05 


480 


120 



[0 0 6 2] |Mfflij2 

mjmm<DttntisXi&, mmtsm a -3) t« 30 

*T» £tTK*f4, 4' -tfX [N- (1— 

;W -N-7x^;l>757] Ii7i-* (H-l) #1 

mmt 

[0 0 6 3] 
Mb 17] 

(H-1) 



[0 0 6 5] 
lit I 8] 

.CH 3 





<HB-1) 



5. 5 1 e VT*&ofc 0 



[0 0 6 4] Lfcffi«###iJ 1 fc^HttCLTiHIHIfcft 

fctC 6, 5. 25eV©M^Lfc 
3MI 0>J 3 

IE?LEihB<D*ffii:LT, flfiJ^ft^Ks (I -3) fcfW 
(hiJ7i^l/->7/7h) 7;l/5^>7Afgf* (HB- 



[0 0 6 6] 

40 

0 2(c^fl 

( I T 0) iSBJ!#«Ii^ 1 2 0 nmit*LfcfecD 07* 
Vf'V I *f tf-AtftHfn i hStal 5 Q) 

^If07*b'JV^77^ S« £ i&i?x -y * > 

2 mmm<DXh7J7°\C^$~->?'LXWim%fc 
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ofc«, «BrtOKa*^2 x 1 0 " T o r r Oft 2. 
7x10" Pa) UTfcft*$T?*flS*h5v7*fl 

[0067] lEiimmmmtLT, 4, 4' -ex 

[N- (l-i-yf-M -N-7i-;l/75/) t:7i 
(H-l) fc-tv^y^itWcAtb W®£>JSH£> 

tTO©?SJgfcb 2 7 5-2 8 0 o C(0|BH-e$iJi]LfCo 1 
3»B$©*3fittl. iXlO^Torr ffil. 5X1 10 
0' 4 Pa) T\ MMM&O. 3nm/#fl)|6 0nm 

©emsh 4 mtco mm 5*. wmtsm 

( I - 1 0) fcjfc*. htmfc LT, TIEfcltJBSfcjS* 

(d-d *v-7°mft&mtLr, ~7tmv% 

[0 0 6 8] 

[ffci 9] 




[0 0 6 9] C©B$<O0!|jj^b£fo ( I - 1 0) Ot&iftia 
Stt3 2 0~3 3 01CCD«5gT% ;l/:/b><DTOfiffif± 
200 °c-ef|ijffli tfc 0 ^tfHfO^Sjga 1 . 1 X 1 0 " 
Torr il. 5X10 ( Pa) T\ *X P-*ffl<Dll 
SfMfiO. 2nm/R MVtt 3 0 n mT*feofc: 0 C 30 

v vZZMiftfc v-y'Lr^mmt u \mn \ 5 n 

mOfl«?tt;l/^U>»7 bWBfcttbT 0. 4 MM 

T> (fX (2-^^;l/-8-+/U/'7h) (F'J7x 
^>777h) T^^ASIft (HB-1) *±IB 

©i&gfi 18 0-1 9 0°C<DfgH-?»PLfCo IKHNfO 
K^fiti 8 . OXIO' Torr (ftl. 1X1 o' P 
a) X\ 5nm/#t\ISIi2 0nmf 40 

;l/^-->AcD8-t HP^i/^y U>Sg{* (E-l) % 
±fBIE?Lia±H 6 £D±(C|WI«ic bTl^iTofCo 

[0 0 7 0] 

UtZ 0] 
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(E-1) 



[0 0 7 1 ] Cl©B#cDTOC>?ajgti3 0 0~3 1 OTO 
WSTMlPlft. 8 . 0 x 1 0 7 To 

r r (Ml. 1X10"' Pa) ^SiiSO. 3 nm 
/m\ IWtt2 5nmT*oft. ±f2©iE?L#^]l 4 

[0 0 7 2] C C T\ tt)MS 7 * T*<DMM*fi? fc 

mi-*-mitmmm : m.\H *> ±m k m. *> m u 

T> Hg^*ffl£D^X^^UT2mmi|iI(DXh^^7 0 « 
F-VX^?^ Hffi2« I TOX h^-r^^tiits 

flLTW«Wfcra«tbT«lIrt©*SS^2x 1 0* 
Torr (ft 2. 7 x 1 0 4 P a) UTEfcSST'SK'l 
bfec li«8ilbT, 3fe-f, 7-vfbv^>"7A (Mg 
) ^'J7*f^-h^ffl^t, HHiigO. 0 4 
nm/fk 0X10 6 Torr (MS. 7x 

10" Pa) X\ 0. 5nm(Dmmvn i pmmS7(r)± 

-Mti Wit, IISI0. 5nm/», KSfi 
1 . 2 X 1 0 5 Torr OK 1 . 6X1 0 ' Pa) T?JI 
J?4 0 nmOT^S-^AMMLft, ME, *<E>± 

y#-F%I^TiDlLt, Mmmmo. 4nm/# 1 
K£jg 1 . 2X1 0 s Torr OK 1 . 6 x 1 0 3 P 
a) T?liJ54 0nmO»**^bTI»K8*^lS«-& 

fee «±©hjk!m«8 comm<D&ffi&&immcM 

MLfc 0 

[0 0 7 3] KiOtKLT, 2 mm X 2 mmCD+H'X 

fBttfffiti 250mA/cm 2 0«»rt&ftT?0flU 58fc 
Jj]$i± 1 0 0 c d /m z T'CDffi, 

^ma#tt©f«^%, ar±(i 1 o o c d/m x<om 
&%m?o c i E&mmmm ( j i s z87od % 

[0 0 7 4] 
[« 7] 
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(19) 

m-7 
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[cd/m 2 ] 
@250mA/cm 2 


[/ m/W] 
(£►100 cd/m 2 


Mm/mm 


«E 

[V] 
@100 cd/m 2 


cie &mmm 






Led/ AJ 


X 


y 




(1-1 0) 
(\27) 


9955 
8480 


2.88 
1.66 


7.3 
4,8 


8 
9 


0.358 
0.317 


0.408 
0.346 




(I-3) 


3970 


0.62 


2.6 


13 


0.267 


0.287 




(MO) 


3820 


0.81 


2.6 


10 


0.176 


0.195 




(I-27) 


6890 


1.69 


4.3 


8 


0.202 


0.301 




fl-3) 


6420 


1.34 


3.8 


9 


0.220 


0.359 


&«tff i 


(1-27) 


6590 


1.51 


2.4 - 


5 


0.412 


0,514 


JMWH2 


0-3) 


2330 


0.26 


1.0 


12 


0.336 


0.402 


JtRffiJ 3 


(HB-1) 


1290 


0.38 


1.5 


13 


0.345 


0.354 



[0 0 7 5] mMM2 

«)t»«D*x vtrnt bxmfflc&m ( i - 2 7) 
^ymmw (d - 2) t Lfcfl&aasww 1 1 nut 

[0 0 7 6] 
Ut2 1] 



(D-2) 
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[0 0 7 7] KlTI5?*fWlbft. 3R?©«3tWtt* 
i-7^t„ E LX^i' h;l/*H6fcjjVr. fD^fett 

8B^0*Xh#ftfcLT0J*{fc£1*J (1-3) IE 
LT^'J iE?Lffilt./l««§iJi> 1 5 n mOH 40 



yy^^+ti-yr ymmfc (D - 3 ) Lfcftiti^MiJ 

[0 0 7 8] 



(D-3) 



[0 0 7 9] *?cDfS^#tt%^- 7 tC^-To 

msea 4 

[0 0 8 0] 
[S8] 




37 
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1 1-329734 

38 



MS. [V] 


«J£ [cd/m 2 ] 




X 


y 


8 


109 


0.363 


0.412 


10 


720 


0.358 


0.408 


14 


9955 


0.345 


0.393 



[0 0 8 1] ##0J4 

ftmttmanmtmta ( i - 1 o k ( i - 2 7 ) s 

(1-3) ftttSfc: F-7°L&Wffi«:IISE#iJ 

1 traeittTis^f^iatfeo cneox^oiew 

7 £*T„ ^ftltffi, »i*fi©fSftfiT-& 

ofc„ ens K-^ba^jfrfofesuswfc^aMfl 1 ~ 

46fcfefijSg{S£0 7 tc^-To 
[0 0 8 2] JtKfflll 
IE?UBltJi*»tt1\ «?fl£jf ©§IJ¥£ 4 5 n mi: L 20 

IEftll2SJi*lftW"r, «3W#8*WjS{b£» ( I - 
3) t L"£\ ZvmmZ 6 0 nmfcU F-7°ftltiL 

tyf^yv^twyrv (D-3) *fflv^ffitiH 

[0 0 8 3] JttfctRl3 

WeSBWsfcX FWBfc LTffiieffc^ft (H B - 1 ) * 

fflv\ ^i/yt^yv^^yy-y (d-2) 1 
41. 0, 0. 4fii%F-7°u lEMitHfcKw-f 2 

*f*fi£S£LT4 5 nm© (E-l) fcffll^fcflfittll 3 

tt*a-7t^-r. afta)t«!#5nfcto©»3ta!i* 5 

ttffifrofco 40 6 

[0 0 8 4] 7 

raw©**] *aw©#iwiiii583e*Fic±ntf, # 8 



[01] Gm*ft¥t^?<D-M**Ltcmmm®o 
[02] %iMfimmwM<DM&m\;itM&xffi 

Mo 
Mo 

[g4] mm^(Dmt^Lfcc 1 EfeaMtiHo 
[0 5 ] mmm 1 ©w«*ii&tt*?fr &©f&tt*^* 

F;V. 

30 [H6] mmm 2 ©*n«wn^*?^ 6 ©%^x^ * 

[0 7 ] HjfiflJ 1 ~ 3 fcfflvrfcsfc* F Rtf F-7°fijgfr 

e>©%ft©c 1 Efesias0o 

[?3Hf©!M 

mm 
mm 

E?Llfi±H 
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[0 7] 
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